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MT   DEAR   SIR, 

The  feelings  of  respect  and  regard  which  prompted 
me  to  dedicate  to  you  the  former  editions  of  this 
Treatise,  continue  unaltered.  Increasing  experience, 
indeed,  has  served  but  to  enhance  the  value  which  I 
ever  attached  to  the  instruction  received  in  your  labo- 
ratory, and  to  the  habits  of  accuracy  in  research  in- 
culcated by  your  precept,  and  enforced  by  your  ex- 
ample. To  you,  therefore,  permit  me  still  to  inscribe 
a  work  intended  to  promote  the  study  of  that  Science, 
which  you  cultivate  with  so  much  zeal  and  success ; 
and  be  assured  that  the  opportunity  of  again  publicly 
expressing  gratitude  for  your  kindness,  and  admi- 
ration of  your  distinguished  analytical  attainments,  is 
a  source  of  much  pride  and  pleasure  to  your  Friend 
and  former  Pupil, 

EDWARD  TURNER. 

S8,  Upper  Ooweb-steeet, 
Oeutw  SO,  1832. 


J 


PREFACE 


TO 


THE  FOURTH  EDITIONw 


The  uninterrupted  advance  in  Chemistry  and  the 
allied  sciences,  and  the  rapidity  with  which  new  facts 
are  diffused,  involve  the  necessity,  even  itfter  an  inter- 
val of  only  two  years,  of  numerous  additions.  In  sup- 
plying these,  it  has  been  my  endeavour  to  reject  what 
appeared  uncertain  or  erroneous,  and  to  incorporate 
all  that  is  valuable.  Numerous  errors  of  the  press, 
and  some  oversights  in  matter,  have  been  correct- 
ed ;  and  not  a  few  subjects,  which  in  former  edi- 
tions were  handled  with  too  much  brevity,  have  in 
the  present  been  more  fully  developed.  This  volume, 
consequently,  like  each  of  its  precursors,  has  under- 
gone an  increase  in  size,  though  the  design  of  the 
work  is  wholly  unchanged  :  it  still  purports  to  con- 
tain a  view  of  the  present  facts  and  doctrines  of  Che- 
mistry, enunciated  in  the  fewest  words  consistent  with 
perspicuity. 

In  the  Section  on  Heat  several  additions  have  been 
made,  especially  in  reference  to  vapour.  In  Galva- 
nism considerable  changes  were  thought  necessary ; 
and  Electro-Magnetism,  including  the  late  discoveries 
of  Mr.  Faraday,  has  been  more  fully  considered.  The 
laws  of  combination  have  been  somewhat  differently 
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stated,  whereby,  it  is  hoped,  they  have  become  both 
clearer  and  more  completely  in  accordance  with  facts. 
The  doctrine  of  Isomorphism  is  more  fully  explain- 
ed in  this  than  in  the  last  Edition  of  these  Elements. 
This  has  been  done  for  the  purpose  of  eliciting 
inquiry  into  a  subject  which,  though  it  may  require 
modification,  and  has  by  some  been  too  rashly  applied, 
is  supported  by  very  strong  facts,  and  bids  fair  to 
throw  light  on  the  atomic  constitution  of  many  com- 
pound bodies.  The  sulphur-salts  of  Berzelius  have 
received  additional  notice ;  but  it  has  been  thought 
better  to  describe  these  compounds  without  having 
recourse  to  innovation  in  nomenclature.  Attention 
has  likewise  been  repeatedly  called  to  those  remark- 
able compounds  called  isomeric,  which  consist  of  the 
same  materials  in  the  same  proportion,  and  yet  differ 
in  their  chemical  relations. 

In  the  department  of  Organic  Chemistry  the  pro- 
cesses for  preparing  the  vegetable  alkalies  have  in 
several  instances  been  more  fully  described.  Con- 
siderable change  will  be  found  in  the  Section  on  the 
Blood  ;  and  care  has  been  taken  by  personal  inquiry 
to  ascertain  the  value  of  recent  statements  on  arteri- 
alization.  The  new  facts  on  the  permeability  of  mem- 
branes by  gases  have  been  incorporated  with  the 
theory  of  respiration. 

In  reviewing  the  article  on  Silica  I  was  induced  by 
the  arguments  of  Berzelius  to  regard  that  earth  as  a 
compound  of  one  atom  of  silicium  and  three  atoms  of 
oxygen.  But  a  careful  comparison  of  the  constitution 
of  the  silicates  as  well  native  as  artificial,  instituted 
since  that  article  was  written,  has  satisfied  me  that 
the  view  adopted  in  former  editions  of  these  Elements, 
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if  not  supported  by  stronger  analogies^  is  practically 
more  convenient  than  that  taken  by  Berzelius.  I 
have  accordingly^  in  the  table  of  atomic  weights^  re- 
presented silica  as  a  compound  of  single  atoms  of  its 
elements^  and  would  advise  the  student  to  adopt  this 
constitution  in  preference  to  that  given  in  the  section 
on  silicium. 

The  reader  of  the  present  edition  will  not  fail  to 
remark  the  circumstance^  which  needs  explanation,  of 
Chemical  Symbols  being  employed  in  one  part  of  the 
volume  and  not  in  the  other.  This  anomaly  has  thus 
originated.  Consistently  with  my  practice  in  former 
editions,  the  present  was  commenced  without  the 
introduction  of  symbols ;  but  in  describing  certain 
complex  changes  in  the  section  on  Cyanogen,  espe- 
cially in  stating  the  results  of  the  masterly  researches 
of  Liebig  and  Wohler  on  cyanic  acid,  it  was  found 
so  difficult  to  give  a  clear  and  concise  description  of 
the  phenomena  in  ordinary  language,  that  I  was 
urged  to  seek  assistance  from  symbols.  Having  once 
employed  them  advantageously,  I  was  soon  tempted  to 
introduce  them  again ;  and  this  speedily  led  to  the 
discovery  that  chemical  symbols  are  not  only  fitted  to 
be  a  convenient  abbreviation  among  educated  che- 
mists, but  may  be  made  a  powerful  instrument  of  in- 
struction by  teachers  of  chemistry.  But  to  attain 
this  end  it  is  very  advantageous,  if  not  essential,  to 
employ  chemical  symbols,  as  lately  advised  by  Mr. 
Whewell,  in  strict  accordance  with  the  rules  of  alge- 
bra. The  symbols  which  have  been  used  are  with 
few  exceptions  the  same  as  those  employed  by  Berze- 
lius,  as  will  be  seen  by  inspecting  the  table  in  the 
appendix  (page  971)  :  the  equivalent  of  each  element 
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experiments.  Further  inquiry  has  convinced  me 
that  the  hypothesis  ahove  alluded  to  is  inconsistent 
with  the  most  accurate  researches  hitherto  recorded : 
— ^not  that  I  would  be  understood  to  deny  the  exist- 
ence of  some  simple  relation  among  the  equivalents 
of  bodies^  but  merely  as  asserting  that  none  such 
has  been  established.  Though^  therefore^  teachers 
may  still  often  adopt  whole  numbers,  by  way  of  a 
class-room  approximation,  it  is  essential  to  have  a  more 
correct  list  for  the  purposes  of  science.  Such  I  have 
attempted  to  frame,  founded  on  my  own  experiments 
as  far  as  they  yet  go,  and  on  the  researches  of  Berze- 
lius.  But  I  bave  employed  more  simple  numbers 
than  those  of  the  Swedish  Chemist,  whose  equivalents 
often  contain  a  quantity  of  decimals,  which  renders 
them  cumbrous  in  calculation,  and  evinces  a  degree 
of  accuracy  greater  than  is  justified  by  experiment. 
If,  for  example,  103*5  be  nearly  the  real  equivalent  of 
lead,  but  the  results  of  experiment  vary  so  much  on 
either  side  as  to  leave  it  quite  uncertain  whether  the 
exact  number  is  greater  or  less  than  103*5,  it  is  worse 
than  superfluous  to  add  an  additional  decimal.  In- 
stead of  drawing  a  mean  of  results,  and  thence  infer- 
ring the  equivalent,  I  have  calculated  extreme  equi- 
valents in  the  first  place,  and  then  taken  the  best 
attested  intermediate  number. 

I  ought  not  to  close  the  present  address  to  the 
reader  without  grateftdly  acknowledging  the  kind 
attention  of  my  friends,  as  well  Pupils  as  others, 
whose  ^remarks  have  in  many  instances  tended  mate- 
rially to  increase  the  useftilness  and  accuracy  of  these 
Elements.  To  Dr.  Hartmann  of  Blankenburg,  the 
German  Translator  of  this  work,  I  am  likewise  in- 
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The  following  pages  comprehend  a  condensed  view 
of  the  present  state  of  Chemical  Science.  The  chief 
purpose  of  the  work  is  to  make  the  Student  intimately 
acquainted  with  the  theory,  at  the  same  time  that  he 
b  acquiring  a  knowledge  of  the  tsLCts  of  Chemistry; 
so  that,  by  the  establishment  of  fixed  principles,  the 
detaik  may  more  easily  be  impressed  on  the  memory, 
and  excite  an  interest  which  they  would  not  otherwise 
possess.  Every  one  who  is  acquainted  with  modern 
Chemistry,  will  admit  that  the  study  of  the  Laws  of 
Combination  is  fitted  in  a  peculiar  manner  for  pro- 
moting these  objects ;  and  hence  I  have  treated  at 
length  of  the  Atomic  Theory,  and  the  subjects  con- 
nected with  it,  at  an  early  part  of  the  volume. 

To  this  arrangement,  I  am  aware,  it  may  be  ob- 
jected, that  many  of  the  facts  adduced  as  illustrations 
must  necessarily  be  unknown  to  the  beginner.  I  do 
not  anticipate,  however,  any  serious  inconvenience 
from  this  source;  on  the  contrary,  some  experience 
in  teaching  the  theoretical  and  practical  details  of  the 
Science,  gives  me  reason  to  think  that  the  disadvan- 
tages of  my  plan  will  be  very  far  outweighed  by  its 
advantages.  I  may  observe,  indeed,  that  this  work  is 
chiefly  designed  for  persons  who  have  either  attended. 
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INTRODUCTION. 


Material  substances  are  endowed  with  two  kinds  of  pro« 
perties,  physical  and  chemical ;  and  the  study  of  the  pheno- 
mena  occasioned  by  them  has  given  rise  to  two  correspond- 
ing branches  of  knowledge.  Natural  Philosophy  and  Che- 
mistry, 

The  physical  properties  are  either  general  or  secondary. 
The  general  are  so  called  because  they  are  common  to  all 
bodies;  the  secondary ,  from  being  observable  in  some  sub- 
stances only.  Among  the  general  may  be  enumerated  exten- 
sion, impenetrability,  mobility,  extreme  divisibility,  gravita- 
tion, porosity,  and  indestructibility. 

Extension  is  the  property  of  occupying  a  certain  portion  of 
space :  a  substance  is  said  to  be  extended  when  it  possesses 
length,  breadth,  and  thickness.  By  impenetrability  is  meant 
that  no  two  portions  of  matter  can  occupy  the  same  space  at 
the  same  moment.  Every  thing  that  possesses  extension  and 
impenetrability  is  matter. 

Matter,  though  susceptible  of  rest  and  motion,  has  no  in- 
herent power  either  of  beginning  to  move  when  at  rest,  or  of 
arresting  its  progress  when  in  motion.  Its  indifference  to 
either  state  has  been  expressed  by  the  term  vis  inertite^  as  if 
it  depended  on  some  peculiar  force  resident  in  matter  ;  but 
it  arises,  rather,  from  matter  being  absolutely  passive,  and 
thereby  subject  to  the  influence  of  every  force  which  is  capa- 
ble of  acting  upon  it. 
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mena  of  chemistry,  and  from  the  relations  whidi  haye  been 
observed  to  exist  between  the  composition  and  form  of  crys- 
tallized bodies.  These  subjects  will  be  considered  in  thdr 
proper  place ;  but  I  may  observe,  in  order  to  show  the  na- 
ture a(  the  argument,  that  the  supposed  existence  of  atoms 
accounts  for  numerous  facts,  which  cannot  be  satisfactorily 
explained  on  any  other  principle. 

All  bodies  descend  in  straight  lines  towards  the  caitre  of 
the  earth,  when  Irft  at  liberty  at  a  distance  from  its  surface. 
The  power  which  produces  this  effect  is  termed  gravity^ 
attraction  of  gravitation^  or  terrestrial  attraction  ;  and  the 
force  required  to  separate  a  body  from  the  surface  of  the 
earth,  or  prevent  it  from  descending  towards  it,  is  called  its 
foeight.  Every  particle  of  matter  is  equally  affected  by 
gravity;  and  therefore  the  weight  of  any  body  will  be  pro- 
portionate to  the  number  of  ponderable  particles  which  it 
contains. 

The  minute  particles,  of  which  bodies  consist,  are  disposed 
in  such  a  manner  as  to  leave  certain  intervals  or  spaces  be- 
tween them,  and  this  arrangement  is  called  porosity.  These 
interstices  may  sometimes  be  seen  by  tiie  naked  eye,  and  fre- 
quentiy  by  the  aid  of  glasses.  But  were  they  wholly  invisi* 
ble,  it  would  still  be  certain  that  they  exist.  All  substances, 
even  the  most  compact,  may  be  diminished  in  bulk  either  by 
mechanical  force  or  a  reduction  of  temperature.  It  hence 
follows  that  their  particles  must  touch  each  oth^  at  a  very 
few  points  only,  if  at  all ;  for  if  their  contact  were  so  perfect 
as  to  leave  no  interstitial  spaces,  then  would  it  be  impossi- 
ble to  diminidi  the  dimensions  of  a  body,  because  matter  is 
incompressible  and  cannot  yield. — -When  therefore  a  body 
expands,  the  distance  between  its  particles  is  increased ;  and, 
conversely,  when  it  contracts  or  diminiahes  in  size,  its  parti- 
eles  approach  each  other. 

By  indestructibility  is  meant,  that,  according  to  the  pre- 
sent laws  of  nature,  matter  never  ceases  to  exist.  This  state- 
ment seems  at  first  view  contrary  to  fact.  Water  and  vda^ 
tile  substances  are  dissipated  by  heat,  and  lost ;  coals  and 
wood  are  consumed  in  the  fire,  and  disappear.  But  in  these 
and  all  similar  phenomena  not  a  particle  of  matter  is  anni- 
hilated.    The  apparent  destruction  is  owing  merely  to  a 
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fx>iitrary,  are  far  less  influenced  by  cohesion,  being  free  to 
move  on  each  other  with  very  slight  friction.  Fluids  are  of 
two  kinds,  elastic  fluids  or  aeriform  substances,  and  inelastic 
fluids  or  liquids.  Cohesion  seems  wholly  wanting  in  the 
former ;  they  yield  readily  to  compression,  and  expand  when 
the  pressiure  is  removed ;  indeed,  the  spaoe  they  occupy  is 
chiefly  determined  by  the  force  which  compresses  them. 
The  latter,  on  the  contrary,  do  not  yield  perceptibly  to 
ordinary  d^;rees  of  compression,  nor  does  an  appreciable 
dilatation  ensue  from  the  removal  of  pressure,  the  tendency 
of  repulsion  being  in  them  counterbalanced  by  cohesion. 

Matter  is  subject  to  another  kind  of  attraction  different 
from  those  yet  mentioned,  termed  chemical  attraction  or 
affinity.  Like  cohesion  it  acts  only  at  insensible  distances, 
and  thus  differs  entirely  from  gravity.  It  is  distinguished 
from  cohesion  by  being  exerted  between  dissimilar  particles 
only,,  while  the  attraction  of  cohesion  unites  similar  particles. 
Thus,  a  piece  of  marble  is  an  aggregate  of  smaller  portions 
attached  to  each  other  by  cohesion,  and  the  parts  so  attached 
are  called  integrant  particles;  each  of  which,  however 
minute,  being  as  perfect  marble  as  the  mass  itself.  But  the 
integrant  particles  consist  of  two  substances,  lime  and  car- 
bonic acid,  which  are  different  from  one  another  as  well  as 
from  marble,  and  are  united  by  chemical  attraction.  They 
are  the  component  or  constituent  parts  of  marble.  The  inte- 
grant particles  of  a  body  are  therefore  aggregated  together 
by  cohesion  ;  the  component  parts  are  united  by  affinity. 

The  chemical  properties  of  bodies  are  owing  to  affinity, 
and  every  chemical  phenomenon  is  produced  by  the  opera- 
tion of  this  principle.  Though  it  extends  its  influence  over 
aU  substances,  yet  it  affects  them  in  very  different  degrees, 
and  is  subject  to  peculiar  modifications.  Of  three  bodies, 
A,  B,  and  C,  it  is  often  found  that  B  and  C  evince  no  affinity 
for  one  another,  and  therefore  do  not  combine ;  that  A,  on 
the  contrary,  has  an  affinity  for  B  and  C,  and  can  enter  into 
separate  combination  with  each  of  them  ;  but  that  A  has  a 
greater  attraction  for  C  than  for  B,  so  that  if  we  bring  C  in 
contact  with  a  compound  of  A  and  B,  A  will  quit  B  and 
unite  by  preference  with  C.  The  union  of  two  substances  is 
called  combination  ;  and  its  result  is  the  formation  of  a  new 
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I  have  followed,  in  the  composition  of  this  treatise,  the 
atme  general  arrangement  which  I  adopt  in  my  lectures.  It 
is  divided  into  four  principal  parts.  The  first  comprehends 
an  account  of  the  nature  and  properties  of  Heaty  Lights  and 
Ele€iricity^'-^''^^ntB  so  diffusive  and  subtile,  that  the  com* 
mon  attributes  of  matter  cannot  be  perceived  in  them.  They 
are  altogether  destitute  of  weight ;  at  least,  if  they  possess 
any,  it  cannot  be  discovered  by  our  most  delicate  balances, 
and  benoe  they  have  receired  the  appellation  of  Impondera- 
bles. They  cannot  be  confined  and  exhibited  in  a  mass  like 
ordinary  bodies;  they  can  be  collected  only  through  the 
intervention  of  other  substances.  Their  title  to  be  consi- 
dered material  is  therefore  questionable,  and  the  effects  pro- 
duced by  them  have  accordingly  been  attributed  by  some  to 
certain  motions  or  affections  of  common  matter.  It  must  be 
admitted)  however,  that  they  appear  to  be  subject  to  the 
same  powers  that  act  on  matter  in  general,  and  that  some  of 
the  laws  which  have  been  determined  concerning  them,  are 
exactly  such  as  might  have  been  anticipated  on  the  supposi- 
tion of  their  materiality.  It  hence  follows,  that  we  need 
only  regard  them  as  subtile  species  of  matter,  in  order  that 
the  phenomena  to  which  they  give  rise  may  be  explained  in 
the  language,  and  according  to  the  principles,  which  are 
applied  to  material  substances  in  general ;  and  I  shall  there- 
fore consider  them  as  such  in  my  subsequent  remarks. 

The  second  part  comprises  Inorganic  Chemistry.  It  in- 
cludes the  doctrine  of  affinity,  and  the  laws  of  combination, 
together  with  the  chemical  history  of  all  the  elementary 
principles  hitherto  discovered,  and  of  those  compound  bodies 
which  are  not  the  product  of  organization.  Elementary 
bodies  are  divided  into  the  non-metallic  and  metallic ;  and 
the  substances  contained  in  each  division  are  treated  in  the 
order  which,  it  is  conceived,  will  be  most  convenient  for  the 
purposes  of  teaching.  From  the  important  part  which 
oxygen  plays  in  the  economy  of  nature,  it  is  necessary  to 
begin  with  the  description  of  that  principle ;  and  from  the 
tendency  it  has  to  unite  with  other  bodies,  as  well  as  the  im- 
portance of  the  compounds  it  forms  with  them,  it  will  be 
useful,  in  studying  the  history  of  each  elementary  body,  to 
describe  the  combinations  into  which  it  enters  with  oxygen 
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gas.  The  remaining  compounds  which  the  non-metallic  sub- 
stances form  with  each  other,  will  next  be  considered.  The 
description  of  the  individual  metals  will  be  accompanied  by 
a  history  of  their  combinations,  first  with  the  simple  non« 
metallic  bodies,  and  afterwards  with  each  other.  The  last 
division  of  this  part  will  comprise  a  history  of  the  salts. 

The  third  general  division  of  the  work  is  Organic  Che- 
mistrj/y  a  subject  which  will  be  conveniently  discussed  under 
two  heads,  the  one  compreliending  the  products  of  vegetable, 
the  other  of  animal  life. 

The  fourth  part  contains  brief  directions  for  the  perform- 
ance of  analysis. 


ELEMENTS 

OF 

CHEMISTRY, 


PART   L 


IMPONDERABLE    SUBSTANCES. 


SECTION  I. 

CALORIC. 


Thb  tenn  Heaty  in  common  language,  has  two  meaningti : 
in  the  one  case,  it  implies  the  sensation  experienced  on  touch* 
ing  a  hot  body  ;  in  die  other,  it  expresses  the  cause  of  that 
sensation.  To  avoid  any  ambiguity  that  might  arise  from 
the  use  of  the  same  expression  in  two  such  different  senses, 
it  has  been  proposed  to  employ  the  word  Caloric  to  signify 
exclusively  the  principle  or  cause  of  the  feeling  of  heat ;  and 
the  use  of  this  term  has  now  become  so  general,  that  I  have 
adopted  it  in  the  present  treatise. 

CMkmc^  on  the  supposition  of  its  being  material,  is  a  subtile 
fluid,  the  particles  o{  which  repel  each  other,  and  are  attracted 
by  all  other  substances.  It  is  imponderable :  that  is,  it  is  so 
exceedingly  light,  that  a  body  undergoes  no  appreciable 
change  of  weight,  either  by  the  addition  or  abstraction  of 
caloric.  It  is  present  in  all  bodies,  and  cannot  be  wholly 
separated  from  them.  For  if  a  substance,  however  cold,  be 
transferred  4n to  an  atmosphere  which  is  still  colder,  a  ther- 
mometer placed  in  the  body  will  indicate  the  escape  of  ca- 
Vsric.  That  its  particles  repel  one  another,  is  proved  by 
observing  that  it  flies  off  from  a  heated  body  ;    and  that 
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liave  acquired  tlie  temperature  of  the  sunoanding  objects. 
It  must  tbea  be  capable  of  passing  firom  one  body  to  another 
situated  at  a  a^isible  distance ;  it  is  projected  as  it  were  fiodi 
one  to  the  other.  In  order  that  its  passage  should  take 
pLice  in  this  manner,  it  is  not  necessary  that  the  body  ahouli 
be  in  vacuo  ;  it  passes,  to  all  appearance,  with  equal  &cib'ty 
through  the  air  as  through  a  Tacuum. 

It  follows,  therefore,  that  in  establishing  an  equiKbrium  of 
temperature,  caloric  is  distributed  among  the  surrounding 
objects  in  two  ways ;  partly  through  the  means  of  inteime- 
diate  bodies,  or  by  communicationy  partly  in  consequence  of 
an  interchange  established  from  a  distance,  or  by 
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Caloric  passes  through  bodies  with  different  degrees  of  ve- 
locity. Some  substances  oppose  very  little  impediment  to  its 
passage,  while  it  is  transmitted  slowly  by  othos.  Daily  ex- 
perience teaches,  that  though  we  cannot  leave  one  end  of  a 
rod  of  iron  for  some  time  in  the  £rey  and  then  touch  its 
other  extremity,  without  danger  of  being  burnt;  yet  this 
may  be  done  with  perfect  safety  with  a  rod  of  glass  or  of 
wood.  The  caloric  will  speedily  traverse  the  iron  bar,  so 
that,  at  the  distance  of  a  foot  from  the  fire,  it  is  impossible  to 
support  its  heat ;  while  we  may  hold  a  piece  of  red  hot  glass 
two  or  three  inches  from  its  extremity,  or  keqp  a  piece  of 
burning  charcoal  in  the  hand,  though  the  part  in  combustion 
is  only  a  few  lines  removed  from  the  skin.  The  observation 
of  these  and  eimilar  facts,  has  led  to  the  division  of  bodies  into 
condueton  and  non-conductors  of  caloric.  The  former  divi. 
sion,  of  covurse,  includes  those  bodies,  such  as  metals,  which 
allow  caloric  to  pass  freely  through  their  substance ;  and  the 
latter  comprises  those  which  do  not  give  an  easy  passage  to 
it,  such  as  stones,  glass,  wood,  and  charcoal. 

Various  methods  have  been  adopted  for  determining  the 
relative  conducting  power  of  different  substances.  The  mode 
devised  by  Ingenhouz*  was  to  cover  small  rods  of  the  same 
fcM-m,  size,  and  length,  but  of  different  materials,  with  a 
layer  of  wax,  to  plunge  their  extranities  into  heated  col,  and 
note  to  what  distance  the  wax  was  melted  on  each  during  the 
same  interval.     The  metals  were  foimd,  by  this  method,  to 

*  Ingenhonz,  Journal  de  Pbys.  1789>  p.  68. 
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by  experiment.  In  winter  we  retain  the  animal  heat  as 
much  as  possible  by  covering  the  body  with  bad  conductors, 
such  as  silk  or  woollen  stuffs ;  and  in  summer,  cotton  or  linen 
articles  are  employed  with  an  opposite  intention. 

A  variety  of  familiar  phenomena  arise  from  difference  of 
conducting  power.  Thus  if  a  piece  of  iron  and  glass  be 
heated  to  the  same  degree,  the  sensation  they  communicate 
to  the  hand  is  very  different ;  the  iron  will  give  the  sensation 
of  burning,  while  the  glass  feels  but  moderately  warm.  The 
quantity  of  caloric,  which  in  a  given  time  may  be  brought  to 
the  surface  of  the  heated  body,  so  as  to  pass  into  the  skin,  is 
much  greater  in  the  iron  than  in  the  glass,  and  therefore  in 
the  former  case  the  sensation  must  be  more  acute.  This 
proves  that  the  sense  of  touch  is  a  very  fallacious  test  of  heat 
and  cold ;  and  hence,  on  applying  the  hand  to  various  con- 
tiguous objects,  we  are  very  apt  to  form  wroiig  notions  of 
their  temperature.  The  carpet  will  feel  nearly  as  warm  as 
the  hand ;  a  book  will  feel  cool,  the  table  cold,  the  marble 
chimney-piece  colder,  and  the  candlestick  colder  still ;  yet,  a 
thermometer  applied  to  them  will  stand  in  all  at  exactly  the 
same  elevation.  They  are  all  colder  than  the  hand ;  but 
those  that  carry  away  caloric  most  rapidly,  excite  the 
strongest  sensation  of  cold. 

The  conducting  power  of  solid  bodies  does  not  seem  to  be 
related  to  any  of  the  other  properties  of  matter;  but  it 
approaches  nearer  to  the  ratio  of  their  densities  than  to  that 
of  any  other  property.  Count  Rumford  found  a  consider- 
able difference  in  the  conducting  power  even  of  the  same 
material,  according  to  the  state  in  which  it  was  employed. 
His  observations  seem  to  warrant  the  conclusion,  that  in  the 
same  substance  the  conducting  power  increases  with  the 
compactness  of  structure. 

Liquids  may  be  said,  in  one  sense  o£  the  word,  to  have  the 
power  of  conveying  caloric  with  great  rapidity,  though  in 
reality  they  are  very  imperfect  conductors.  This  peculiarity 
is  owing  to  the  joint  influence  of  two  circumstances,— the 
mobility  which  subsists  among  the  particles  of  all  fluids,  and 
the  change  of  size  or  volume  invariably  produced  by  a 
change  of  temperature.  When  any  particles  of  a  liquid  are 
heated  they  expand^  thereby  becoming  specifically  lighter 
than  those  which  have  not  received  an  increase  of  tempera- 
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Leslie  employed  a  hollow  tin  cube  filled  with  hot  water 
as  the  radiating  substance.  The  rays  proceeding  from  it 
were  brought,  by  means  of  a  concave  mirror,  into  a  focus,  in 
which  the  bulb  of  a  differential  thermometer  was  placed.  He 
found  that  certain  substances  radiate  caloric  much  more  ra- 
pidly than  others,  and  that  the  nature  of  the  surface  of  a 
heated  body  has  a  singular  influence  upon  its  radiation.  By 
adapting  thin  plates  of  different  metals  to  the  sides  of  the  tin 
cube,  and  turning  them  successively  towards  the  mirror,  he 
found  a  very  variable  effect  produced  upon  the  thermometer. 
A  bright  smooth  polished  plate  of  metal  radiated  caloric 
very  imperfectly ;  but  if  its  surface  were  in  the  least  degree 
dull  or  rough,  the  radiating  power  was  immediately  augment- 
ed. Or  if  the  metallic  surface  were  covered  with  a  thin  layer 
of  isinglass,  paper,  wax,  or  resin,  its  power  of  radiation 
increased  surprisingly.  It  follows  from  these  researches  that 
velocity  of  radiation  depends  more  on  the  surface  than  the 
substance  of  a  radiating  body : — that  the  most  imperfect  ra- 
diators are  to  be  sought  among  those  bodies  which  are  highly 
smooth  and  bright,  such  as  polished  gold,  silver,  tin,  and 
brass ;  but  that  these  same  metals  radiate  freely  when  their 
smoothness  and  polish  are  destroyed,  as  by  scratching  their 
surfaces  with  a  file,  or  covering  them  with  whiting  or  lamp 
black. 

Leslie  next  examined  the  power  of  different  substances 
in  reflecting  caloric,  and  he  soon  arrived  at  the  interesting 
conclusion,  that  those  surfaces  which  radiate  least  reflect  most 
powerfully.  A  polished  plate  of  tin  or  brass  is  an  excellent 
reflecting  surface,  but  a  bad  radiating  one ;  by  removing  the 
polish  in  any  way,  its  reflecting  power  is  diminished  in  the 
same  proportion  as  its  radiating  power  is  increased.  His  ex- 
periments,  indeed,  justify  the  conclusion,  that  the  faculty  of 
radiation  is  inversely  as  that  of  reflection. 

There  are  only  two  modes  by  which  calorific  rays,  falling 
upon  a  solid  opaque  body,  can  dispose  of  themselves : — they 
must  either  be  reflected  from  it,  or  enter  into  its  substance. 
In  the  latter  case  caloric  is  said  to  be  absorbed.  Now  it  is 
manifest,  that  those  rays  which  are  reflected  cannot  be  ab- 
sorbed ;  and  that  those  which  are  not  reflected,  miist  be  ab- 
sorbed. Hence  it  follows  that  the  absorption  of  heat  in  the 
same  body  is  inversely  as  its  reflection  ;  and  since  the  pro- 
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of  radiant  caloric  have  given  rise  to  two  ingenious  modes  of 
accounting  for  the  tendency  of  bodies  to  acquire  an  equality 
or  equilibrium  of  temperature.  This  takes  place,  agreeably 
to  the  doctrine  of  Pictet,  in  consequence  of  the  hot  body 
giving  calorific  rays  to  the  surrounding  colder  ones  till  an 
equilibrium  is  established,  at  which  moment  the  radiation 
ceases.  Prevost*,  on  the  contrary,  contended  that  radiation 
goes  on  at  all  times,  and  from  all  bodies,  whether  thdr  ton* 
perature  be  the  same  or  different  from  those  that  surround 
them.  According  to  this  view,  the  temperature  of  a  body 
falls  whenever  it  radiates  more  caloric  than  it  absorbs ;  its 
temperature  is  stationary  when  the  quantities  emitted  and 
received  are  equal ;  and  it  becomes  warm  when  the  absorp- 
tion exceeds  the  radiation.  A  hot  body,  surrounded  by  others 
colder  than  itadf ,  is  an  example  of  the  first  case ;  the  second 
happens  when  all  the  substances  which  are  near  one  another 
have  the  same  temperature;  and  the  third  occurs  when  a 
ccld  body  is  brought  into  a  warm  room. 

Though  neither  of  these  theories  has  been  proved  to  be 
true,  and  both  of  them  have  the  merit  of  accounting  for  the 
phenomena  of  radiation,  the  preference  is  commonly  given  to 
the  latter.  The  theory  of  Prevost  affords  a  more  satisfactory 
explanation  of  the  phenomena  of  radiant  caloric  than  that  of 
Pictet ;  but  the  chief  argument  in  its  favour  is  drawn  from 
(he  close  analogy  between  the  laws  of  light  and  caloric. 
Luminous  bodies  certainly  exchange  rays  with  one  another ; 
--  a  less  intense  light  sends  rays  to  one  of  greater  intensity  ; 
and  the  quantity  of  light  emitted  by  either  does  not  seem  to 
be  at  all  affected  by  the  vicinity  of  the  other.  As,  therefore, 
the  radiation  of  Ught  is  not  prevented  by  other  luminous 
bodies,  it  is  probable  that  the  radiation  of  heat,  the  laws  of 
which  are  so  simibtr  to  those  of  light,  is  equally  uninfluenced 
by  the  proximity  of  other  radiating  substances. 

This  ingenious  theory  applies  equally  well  to  the  experi- 
ments with  the  conjugate  mirrors,  as  to  the  phenomena  of 
ordinary  radiation.  If  a  metallic  ball  in  the  focus  of  one 
mirror,  and  a  thermometer  in  that  of  the  other,  are  both  of 
the  same  temperature  as  the  surrounding  objects,  (say  at  60° 
F.)  the  thermometer  remains  stationary.  It  does  indeed  re- 
ceive rays  from  the  ball ;  but  its  temperature  is  not  affected 

*  Recherches  sur  la  Chaleur. 
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being  chilled  by  contact  with  colder  bodies.  In  speculating, 
therefore,  about  the  cause  of  this  interesting  and  important 
phenomenon,  the  chief  object  is  to  discover  the  principle  by 
which  the  reduction  of  temperature  is  eflfected.  The  expla- 
nation proposed  by  Dr.  Wells,  in  his  excellent  Treatise  on 
Dew,  and  now  almost  universally  adopted,  is  founded  on  the 
theory  of  Prevost.  If  it  be  admitted  that  bodies  radiate  at 
all  times,  their  temperature  can  remain  stationary  only  by 
their  receiving  from  surrounding  objects  as  many  rays  as 
they  emit ;  and  should  a  substance  be  so  situated  that  its 
own  radiation  may  continue  uninterruptedly  without  an 
equivalent  being  returned  to  it,  its  temperature  must  neces* 
sarily  fall.  Such  is  believed  to  be  the  condition  of  the 
ground  in  a  calm  starlight  evening.  The  calorific  rays 
which  are  then  emitted  by  substances  on  the  surface  of  the 
earth,  are  dispersed  through  free  space  and  lost ;  nothing  is 
present  in  the  atmosphere  to  exchange  rays  with  them,  and 
their  temperature  consequently  diminishes.  If,  on  the  con- 
trary, the  weather  be  cloudy,  the  radiant  caloric  proceeding 
from  the  earth  is  intercepted  by  the  clouds,  an  interchange 
is  established,  and  the  ground  retains  nearly,  if  not  quite, 
the  same  temperature  as  the  adjacent  portions  of  air. 

All  the  facts  hitherto  observed  concerning  the  formation  of 
dew,  tend  to  confirm  this  explanation.  It  is  found  that  dew 
is  deposited  sparingly  or  not  at  all  in  cloudy  weather ;  that 
all  circumstances  which  promote  free  radiation  are  favour- 
able to  the  formation  of  dew  ;  that  good  radiators  of  caloric, 
such  as  grass,  wood,  the  leaves  of  plants,  and  filamentous 
substances  in  general,  reduce  their  temperature,  in  favour- 
able states  of  the  weather,  to  an  extent  of  ten,  twelve,  or 
even  fifteen  degrees  below  that  of  the  circumambient  air; 
and  that  while  these  are  drenched  with  dew,  pieces  of  po- 
lished metal,  smooth  stones,  and  other  imperfect  radiators, 
are  barely  moistened,  and  are  nearly  as  warm  as  the  air  in 
their  vicinity. 

ON    THE   COOLING   OF   BODIES. 

It  appears  from  the  preceding  remarks  on  the  transmis- 
sion of  heat,  that  the  cooling  of  bodies  takes  place  by  two 
very  different  methods.  When  a  hot  body  is  enveloped  in 
solid  substances,  its  caloric  is  withdrawn  solely  by  means  of 
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is  inoouaiderable ;  but  when  the  range  of  cooling  is  extensive, 
or  the  original  excess  of  heat  was  great,  the  law  is  found  to 
be  very  defective.  They  have  examined  with  consummate 
skill  the  various  circumstances  by  which  the  cooling  of  a  hot 
body  in  a  vacuum,  and  when  surrounded  by  an  elastic  fluid, 
is  influenced;  but  their  inquiry  is  too  mathematical  and 
abstruse  for  the  purposes  of  an  elementary  treatise. 

EFFECTS    OF    CALORIC. 

The  phemmiena  that  may  be  ascribed  to  the  agency  of 
caloric,  and  which  may  ther^ore  be  enumerated  as  its  effects, 
are  numerous.  With  respect  to  animals,  it  is  the  cause  of 
the  feelings  of  cold,  agreeable  warmth,  and  burning,  accord- 
ing to  its  intensity.  It  excites  the  system  powerfully,  and 
without  a  certain  degree  of  it  the  vital  actions  would  mtirely 
cease.  Over  the  vegetable  world  its  influence  is  obvious  to 
every  eye.  By  its  stimulus  co-operating  with  air  and  moist- 
ure the  seed  bursts  ita  envelope  and  yidds  a  new  plant,  the 
buds  open,  the  leaves  expand,  and  the  firuit  arrives  at  ma- 
turity. With  the  declining  temperature  of  the  seasons  the 
circulation  of  the  sap  ceases,  and  the  plant  remains  torpid 
till  it  is  again  excited  by  the  stimulus  of  caloric. 

The  dimensions  of  every  kind  of  matter  are  regulated  by 
this  principle.  Its  increase,  with  few  exceptions,  separates 
the  particles  of  bodies  to  a  greater  distance  from  each  other, 
{Hodudng  expansion,  so  that  the  same  quantity  of  matter  is 
thus  made  to  occupy  a  larger  space ;  and  the  diminution  of 
caloric  has  an  opposite  effect.  Were  the  repulsion  occasioned 
by  this  agent  to  cease  entirely,  the  atoms  of  bodies  would 
come  into  actual  contact. 

The  form  of  bodies  is  dependent  on  caloric.  By  its  in- 
crease aoUds  are  converted  into  liquids,  and  liquids  are  dis- 
sipated in  vapour ;  by  its  decrease  vapours  are  condensed 
into  liqidds,  and  these  become  solid.  If  matter  ceased  to  be 
under  the  influence  of  heat,  all  liquids,  vapours,  and  doubt- 
less even  gases,  would  become  permanently  solid;  and  all 
motion  on  the  surface  of  the  earth  would  be  arrested. 

When  heat  is  accumulated  to  a  certain  extent  in  bodies, 
they  ahine  or  become  incandescent.  On  this  important  pro^ 
pnty  depend  all  our  methods  of  artificial  illumination. 

Caloric  exerts  a  powerful  influence  over  chemical  phe- 
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ezpansioii  of  solids  is  trifling,  that  of  liquids  much  more  con- 
siderable, and  that  of  elastic  fluids  far  greater. 

It  may  be  laid  down  as  a  rule,  the  reason  of  whidi  will 
now  be  obvious^  that  all  bodies  are  expanded  by  heat,  and 
that  the  expansion  of  the  same  body  increases  with  the 
quantity  of  caloric  which  enters  it.  But  this  law  does  not 
apply,  unless  the  form  and  chemical  constitution  of  the  body 
be  preserved.  For  if  a  change  in  either  of  these  respects  be 
occasioned,  then  the  reverse  of  expansion  may  ensue ;  not, 
however,  as  the  direct  consequence  of  an  augmented  tempe* 
rature,  but  as  the  result  of  a  change  in  form  or  composition. 

In  proof  of  the  expansion  of  soUds,  we  need  only  take  the 
exact  dimensions  in  length,  breadth,  and  thickness,  of  any 
substance  when  cold,  and  measure  it  again  while  strongly 
heated,  when  it  will  be  found  to  have  increased  in  every 
direction.  A  familiar  demonstration  of  the  fact  may  be 
afibrded  by  adapting  a  ring  to  an  iron  rod,  the  former  being 
just  large  enough  to  permit  the  latter  to  pass  through  it 
while  cold.  The  rod  is  next  heated,  and  will  then  no  longer 
pass  through  the  ring.  This  dilatation  from  heat  and  con- 
sequent contraction  in  cooling  take  place  with  a  force  which 
appears  to  be  irresistible. 

The  expansion  of  solids  has  engaged  the  attention  of  se- 
veral experimenters,  whose  efforts  have  been  chiefly  directed 
towards  ascertaining  the  exact  quantity  by  which  different 
substances  are  lengthened  by  a  given  increase  of  heat,  and 
determining  whether  or  not  their  expansion  is  equable  at 
different  temperatures.  The  Philosophical  Transactions  of 
London  contain  various  dissertations  on  the  subject  by 
Ellicot,  Smeaton,  Troughton,  and  General  Roy ;  and  M. 
Biot,  in  his  Traiie  de  Physique^  has  given  the  results  of 
experiments  performed  with  great  care  by  Lavoisier  and 
Laplace.  Their  experiments  establish  the  following  points : 
1.  Different  solids  do  not  expand  to  the  same  degree  from 
equal  additions  of  caloric.  2.  A  body  which  has  been  heated 
from  the  temperature  of  freezing  to  that  of  boiling  water, 
and  again  allowed  to  cool  to  32°  F.,  recovers  precisely  the 
same  volume  which  it  possessed  at  first.  3.  The  dilatation 
of  the  more  permanent  or  infusible  solids  is  very  uniform 
within  cartain  limits ;  their  expansion,  for  example,  from  the 
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temperature,  is  a  minute  fracrion  of  its  yoliune,  the  fonnula 
may  be  applied  with  safety.  The  error  is  then  ao  small  that 
it  may  be  disr^arded.* 

The  expansioii  of  ^ass,  iron,  copper,  and  platinum,  has 
been  particidarly  investigated  by  MM.  Dulong  and  Petit. 
The  following  table  contains  the  result  of  their  observations 
on  glass.  (An.  de  Ch.  et  Ph.  vii.  138.)  It  appears  fitxn 
the  third  column  that  at  temperatures  beyond  2121°  glass  ex- 
pands in  a  greater  ratio  than  mercury. 
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415.8 
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The  second,  fourth,  and  sixth  columns  of  the  following 
table  show  the  mean  total  expansion  of  iron,  copper,  and 
phitinum,  when  heated  from  32^  to  212°  and  from  38P  to 
572°,  for  each  degree.  The  third,  fifth,  and  seventh  columns 
indicate  the  d^rees  on  a  thermometer  of  iron,  copper,  and 
platinum,  corresponding  to  a  temperature  of  572P  on  an  air 
thermometer.  It  is  obvious  that  platinum  is  much  more 
uniform  in  its  expansion  than  either  of  the  other  metals. 
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*  Tbe  reason  of  tbb  is  easily  explained  on  geometric  principles.  Let  1  be 
tbe  kngtfi  of  a  cold  metallic  bar,  and  «  its  valnme  or  solidity ;  let  1+W  be  its 
lengtb  wben  beated,  and  v'  its  Tolome  in  tbat  stale.  As  its  breadtb  and  tbirbneis 
hKTpyf^  in  tbe  same  proportion  as  its  lengtib,  tbe  extended  bar  will  bave  predseiy 
tbe  f"«<*  figure,  tbat  is,  tbe  same  proportion  of  its  dimensions,  as  tbe  cold  one ;  and 
since,  by  Endid,  tbe  soBdity  of  similar  figures  is  as  tbe  cabe  of  bomologoos  sides, 
it  follows  tbat  9  :«':  :  1  :  (l+iQ'or  l+3d+3d*-H*.  Wben,  in  sofids,  liq[aids,  or 
gases,  d  bappens  to  be  a  very  small  fraction,  d*  and  even  3d*  are  eztiemely  minate, 
and  may  benoe  be  allogetber  neglected. 
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in  glass  is  of  course  less  than  the  absolute  expansion.  Be- 
tween the  limits  of  32°  and  218°  F.  Lavoisier  and  Laplace 
estimate  the  apparent  expansion  at  -^^  and  Dulong  and 
Petit  at  -y^.-^  of  its  volume,  being  ^  ^  |  ^  4  for  each  degree  of 
Fahrenheit's  thermometer.  Dulong  and  Petit  state  that  the 
mean  total  expansion  of  mercury  from  32°  to  672°  F.  for 
each  degree  is  ^^\^  ;  and  that  the  mean  apparent  expansion 
in  glass  from  32°  to  S72°  F.  for  each  degree  is  yrirT-  The 
temperature  in  their  experiments  was  estimated  by  an  air 
thermometer,  which  they  consider  more  uniform  in  its  rate 
of  expansion  than  one  of  mercury.  The  temperature  of  572° 
F.  on  the  air  thermometer  corresponds  to  586°  in  the  mer- 
curial one. 

All  experimenters  agree  that  liquids  expand  in  an  increasing 
ratio,  or  that  equal  increments  of  caloric  cause  a  greater  dila- 
tation at  high  than  at  low  temperatures.  Thus,  if  a  fluid  is 
heated  from  32°  to  122°  it  will  not  expand  so  much  as  it 
would  do  in  being  heated  from  122°  to  212°,  though  an  equal 
number  of  degrees  is  added  in  both  cases.     In  mercury  the 

necessary,  in  esdmadng  atmospheric  pressure  by  the  barometer,  either  to  have  the 
mercurial  column  always  at  the  same  temperature,  or  to  ccHrect  the  enY>r  arising 
from  difierence  of  temperature  by  calculation.  This  correction  is  effected  by  finding 
the  length  or  h^ght  of  a  mercurial  column  at  some  standard  temperature,  as  at  6(f, 
which  shall  exert  the  same  pressure  as  another  column  at  any  other  temperature. 
The  formula  is  thus  deduced  : — Let  H,  D,  V,  be  the  height,  density,  and  volume 
of  a  mercurial  column  at  32° ;  and  H',  D',  V,  its  height,  density,  and  volume 
when  the  temperature  rises  above  32°  by  any  number  of  degrees  expressed  by  T'. 
Now  it  is  a  principle  in  hydrostatics  that  the  height  of  fluid  columns  of  equal  pres- 

H    jy 

sure  is  inversely  as  their  density,  so  thatrT;^^;  and  since  the  volume  of  the 

,    w    jy 

same  liquid  is  also  inversely  as  its  density,  »>=^.      Consequently,  the  heights 

H     V  T' 

are  directly  as  the  volumes,  org;=p.    Since,  therefore,  V'=7-f  Vx^jj,  ao  is 

H'=H+HX^5=H.  (l  +  5J^;=H.  (-^g^;.    The  value  of  His,  of 

(9990    \ 
gOQQ /^,/  J'     If»  in  the  fimnula  for  H',  we 

substitute  for  H  and  T  their  value  as  stated  in  the  text,  we  shall  find  H'=30. 

f^-^-v      ) =30*084,  which  is  the  length  of  a  mercurial  column  at  60^,  having 

the  same  pressure  as  a  column  of  mercuiy  at  32°. 

The  rate  of  the  actual  and  not  apparent  expansion  is  used  in  these  formule, 
because  the  length  of  the  mercurial  column,  depending  on  atmospheric  pressure, 
b  not  affected  by  the  expansion  or  contraction  of  the  tube. 
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water  expands ;  for  it  begins  to  dilate  considerably  before  it 
actually  fireeses.  Dr.  Croune  noticed  this  phenomenon  so 
early  as  the  year  1683)  and  it  has  since  been  observed  by 
yarious  philosophers.  It  may  be  rendered  obvious  to  any  one 
by  the  following  experiment.  Fill  a  flask,  capable  of  hold- 
ing three  or  four  ounces,  with  water  at  the  temperature  of 
60^  F.  and  adapt  to  it  a  cork,  through  which  passes  a  glass 
tube  open  at  both  ends,  about  the  eighth  of  an  inch  wide, 
aod  ten  inches  long.  After  having  filled  the  flask,  insert  the 
cork  and  tube,  and  pour  a  little  water  into  the  latter  till  the 
liquid  rises  to  the  middle  of  it.  On  immersing  the  flask  into 
a  mixture  of  pounded  ice  and  salt,  the  water  will  fall  in  the 
tube,  marking  contraction ;  but  in  a  short  time  an  opposite 
movement  will  be  perceived,  indicating  that  dilatation  is 
taking  place,  while  the  water  within  the  flask  is  at  the  same 
time  yielding  caloric  to  the  freezing  mixture  in  which  it  is 
immersed* 

To  the  iniaeace  deduced  from  this  experiment  it  was  ob- 
jected by  some  philosophers,  that  the  ascent  of  the  water  in 
the  tube  did  not  arise  from  any  expansion  in  the  liquid  itself, 
but  from  a  contraction  of  the  flask,  by  which  its  capacity  was 
diminished.  In  fact,  this  cause  does  operate  to  a  certain  ex- 
tcnt^  but  it  is  by  no  means  su£Scient  to  account  for  the  whole 
effect ;  and,  accordingly,  it  has  been  proved  by  an  elegant 
and  decisive  experiment  of  Dr.  Hope,  that  water  does  really 
expand  previous  to  congelation*.  He  believes  the  greatest 
density  of  water  to  be  between  39  and  a  half  and  40  degrees 
of  Fahrenheit's  thermometer;  that  is,  boiling  water  obeys 
the  usual  law  till  it  has  cooled  to  the  temperature  of  about 
40^,  after  which  the  abstraction  of  heat  produces  increase  in- 
stead at  diminution  of  volume.  According  to  Hallstrom, 
whose  experiments  are  the  most  recent,  and  appear  to  have 
been  conducted  with  great  care,  the  maximum  density  of 
water  is  39''^  F.     (An.  de  Ch.  et  Ph.  xxvui.  90.) 

The  cause  of  the  expansion  of  water  at  the  moment  of 
lieexing  is  attributed  to  a  new  and  peculiar  arrangement  of 
its  particles.  Ice  is  in  reality  crystallised  water,  and  during 
its  formation  the  particles  arrange  themselves  in  ranks  and 
lines,  which  cross  each  other  at  angles  of  60^  and  120^,  and 

•  Philotophical  Traniactions  of  Edinburgh,  t.  379. 
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trough,  introduced  a  portion  of  dry  air.  Aitar  having 
marked  the  bulk  and  temperature  of  the  air,  he  exposed  it  to 
a  gradually  increasing  heat,  the  exact  amount  of  which  was 
r^rulated  by  a  thermometer,  and  observed  the  dilatation 
occasioned  by  each  increase  of  temperature.  The  apparatus 
of  M .  (Jay-Lussac  (An.  de  Gh.  v.  43.)  was  the  same  in  prin* 
ciple,  but  more  complicated,  in  consequence  of  the  precau- 
tions he  took  to  avoid  every  possible  source  of  fallacy. 

It  is  proved  by  the  researches  of  these  philosophers,  that 
all  gases  undeigo  equal  expansions  by  the  same  addition  of 
caloric,  supposing  them  placed  under  the  same  drcumstanoes; 
so  that  it  is  sufficient  to  ascertain  the  law  of  expansion  ob- 
served by  any  one  gas,  in  order  to  know  the  law  for  all. 
Now  it  appears  from  the  experiments  of  Gay-Lussac,  that 
100  parts  of  air  in  bdng  heated  from  3^  to  219P  F.  expand 
to  137'5  parts.  The  increase  for  180  degrees  is  therefcNre 
0*375  or  ^Vo^^  ^^  ^^  bulk  ;  and  by  dividing  this  number  by 
180  it  is  found  that  a  given  quantity  of  dry  air  dilates  to 
-^ijfth  of  the  volume  it  occupied  at  32^,  ior  every  degree  of 
Fahrenheit's  thermometer.  The  result  of  Baltcm's  experi- 
ments correspcmds  very  nearly  with  the  foregoing.    -   Z]  \ 

This  point  being  established,  it  is  easy  to  ascertain  what 
volume  any  given  quantity  of  gas  should  occupy  at  any 
given  temperature.  Suppose  a  certain  portion  of  gas  occu- 
pies 20  measures  of  a  graduated  tube  at  38^^  it  may  be 
desirable  to  determine  what  would  be  its  bulk  at  42^  F. 
For  every  degree  of  heat  it  has  increased  by  T^^h  of  its 
original  volume,  and  therefmre,  since  the  increase  amounts  to 
ten  degrees,  the  20  measures  will  have  dilated  by  -^j^^s. 
The  expression  will  therefore  be20+20pcifft=20-4!l6.  It 
must  not  be  forgotten  that  the  volume  which  the  gas  occu- 
pies  at  32^  is  a  necessary  elem^it  in  all  such  calculations. 
Thus,  having  20*416  measures  of  gas  at  42^  F.  the  corre- 
sponding bulk  for  52°  F.  cannot  be  calculated  by  the  formula 
20-416+20-416^;  the  real  expression  is  20-416-1-20^, 
because  the  increase  is  only  i^ths  of  the  space  occupied  at 
32°  F.,  which  is  20  measures.*  A  similar  remark  applies  to 
the  formula  for  estimating  the  effect  of  heat  on  the  height  of 
the  barometer. 

*  The  following  are  convenient  general  fonnnle  for  these  caWwlationa : — ^L«t  P* 
be  the  Tolune  of  gas  at  any  tempeiatuie  above  32^,  T  the  number  of  degree* 
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The  rate  of  expansion  of  atmospheric  air  at  temperatures 
exceeding  212°  has  been  examined  by  Dulong  and  Petit,  and 
the  following  table  contains  the  result  of  their  observations. 
(An.  de  Ch.  et  Ph.  vii.  120.) 


Temi^eratare  by  the 
Mercunal  Thennometer. 

Fahrenheit.        Centignule. 

Corresponding 

Tolames  of  a 

given   volume 

of  air. 

—  38 

—  86.. 

0.8650 

82 

0.. 

1.0000. 

212 

100.. 

1.8750 

802 

150.. 

1.5576 

892 

200.. 

1.7889 

482 

250.. 

1.9189 

572 

800.. 

2.0976 

M.  boils   680 

860.. 

2.8125 

Hydrogen  gas  was  found  to  expand  in  the  same  propor- 
tion, so  that  all  gases  may  be  inferred  to  expand  to  the  same 
extent,  for  equal  increments  of  caloric,  between  — 33°  F.  and 
680° ;  and  the  same  law  probably  prevails  at  all  tempera- 
tures. 

above  that  point,  and  P   its  volume  at  32°.     Then  ?*=?.  0+455/=^. 

(480-fT\ 
— r^r — I ;  and  if  P  is  unknown,  its  value,  deduced  from  the  last  equation, 

(480    \ 

It  frequently  happens,  in  the  emptoyment  of  Fahrenheit's  thermometer,  that 

when  F'  for  the  above  formula  is  known,  it  is  not  P  itself  which  is  wanted,  but  the 

volume  of  gas  at  some  other  temperature^  as  at  GXf  F.    This  value  may  be  obtained 

vrithout  first  calculating  what  P  is.    Thus,  retaining  the  value  of  P*  and  T'  as  in 

the  preceding  formula,  let  P^  be  the  corresponding  quantity  of  gas  at  some  other 

tempeiatnre,  the  degrees  of  which  above  32°  may  be  ezpicssed  by  T^.    Now  P^= 

/480-fr')     „    , 

^— ^jgj X  P ;  but  as  P  IS  unknown,  let  its  value  in  P*  be  lubetituted.     Thus, 

_     /  480+r'\     /  P^480  \        ^.  ^      .         ^,480^  P'+480  T"  P* 

^=V-T8o->V48o+r>)'  '^^"'^^  <P^^  ^  =    4eo'-M8or     = 

F  480  (480-f  rp     F  (480-hrO 

480(48o-fr)  "   480-fr.   • 

Suppose,  for  example,  a  portion  of  gas  occupies  100  divisions  of  a  graduated 
tube  at  48°  F..  how  many  will  it  fill  at  60°  F  T   Here  P'=100  ;  T =48-32  or  16 ; 

r'=60-32,or28.   The  number  wught,  or  the  V'z=}^^^^  102.42. 
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ON    THE   THBRMOMETER. 

The  influence  of  caloric  over  the  bulk  of  bodies  is  better 
fitted  for  estimating  a  change  in  the  quantity  of  that  agent 
than  any  other  of  its  properties ;  for  substances  not  only  ex- 
pand more  and  more  as  the  temperature  increases,  but  in 
general  return  exactly  to  their  original  volume  when  the  heat 
is  withdrawn.  The  first  attempt  to  measure  the  intensity  of 
heat  on  this  principle  was  made  early  in  the  seventeenth  cen- 
tury, and  the  honour  of  the  invention  is  by  some  bestowed  on 
Sanctorius,  by  others  on  Cornelius  Drebel,  and  by  others  on 
the  celebrated  Oalileo.  The  material  used  by  Sanctorius  was 
atmospheric  air.  The  construction  of  the  thermometer  itself, 
or  tkermatcape  as  it  was  sometimes  called,  is  exceedingly 
simple.  A  glass  tube  is  to  be  selected  for  the  purpose,  and 
one  end  of  it  is  blown  out  into  a  spherical  cavity,  while  its 
other  extremity  is  left  open.  After  expelling  a  small  quan- 
tity of  air  by  heating  the  ball  gently,  the  open  end  of  the 
tube  is  plunged  into  coloured  water,  and  a  portion  of  the 
liquid  is  f<M-ced  up  into  the  tube  by  the  pressure  of  the 
atmosphere,  as  the  air  within  the  ball  contracts.  In  this 
state  it  marks  changes  of  temperature  with  extreme  delicacy, 
the  alternate  expansion  and  contraction  of  the  confined  air 
being  rendered  visible  by  the  corresponding  descent  and  as- 
cent of  the  coloured  water  in  the  stem ;  and  in  point  of  sen- 
sibility, indeed,  it  yields  to  no  instrument.  The  material 
used  in  its  construction,  also,  is  peculiarly  appropriate,  be- 
cause air,  like  all  gases,  expands  uniformly  by  equal  incre- 
ments of  caloric ;  but  nevertheless,  independently  of  these 
advantages,  there  are  two  forcible  objections  to  the  employ- 
ment of  this  thermometer.  For,  in  the  first  place,  its  dilata- 
tions and  contractions  are  so  great,  that  it  will  be  inconve- 
nient to  measure  them  when  the  change  of  temperature  is 
oonsidcrabk ;  and,  secondly,  its  movements  are  influenced 
by  pressure  as  well  as  by  caloric,  so  that  the  instrument 
would  be  affected  by  variations  of  the  barometer,  though  the 
temperature  should  be  quite  stationary. 

For  the  reasons  just  stated,  the  common  air  thermometer 
is  rarely  employed ;  but  a  modification  of  it,  described  in 
18M  by  Professor  Leslie  in  his  Essay  on  Heat,  under  the 
name  of  Differential  Thermometer^  is  entirely  free  from  the 
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cept  alcohol  and  ether,  can  endure  a  more  intense  cold  with- 
out freezing.  It  has,  besides,  the  additional  advantage  of 
being  more  sensible  to  the  action  of  caloric  than  other  liquids, 
while  its  dilatations  between  32^  and  212°  are  almost  per- 
fectly  uniform.  Strictly  speaking,  the  same  quantity  of 
caloric  does  occasion  a  greater  dilatation  at  higli  than  at  low 
temperatures,  so  that,  like  other  fluids,  it  expands  in  an  in- 
creasing ratio.  But  it  is  remarkable  that  this  ratio,  within 
the  limits  assigned,  is  exactly  the  same  as  that  of  glass ;  and 
therefore,  if  contained  in  a  glass  tube,  the  increasing  expan- 
sion of  the  vessel  compensates  for  that  of  the  mercury. 

The  first  object  in  constructing  a  thermometer  is  to  select 
a  tube  with  a  very  small  bore,  which  is  of  the  same  diameter 
through  its  whole  length ;  and  then,  by  melting  the  glass,  to 
blow  a  small  ball  at  one  end  of  it.  The  mercury  is  intro- 
duced by  rarefying  the  air  within  the  ball,  and  then  dipping 
the  open  end  of  the  tube  into  that  liquid.  As  the  air  cools 
and  contracts,  the  mercury  is  forced  up,  entering  the  bulb  to 
supply  the  place  of  the  air  which  had  been  expelled  from 
it.  Only  a  part  of  the  air,  however,  is  removed  by  this 
means ;  the  remainder  is  driven  out  by  the  ebullition  of  the 
mercury. 

Having  thus  contrived  that  the  bulb  and  about  one-third 
of  the  tube  shall  be  full  of  mercury,  the  next  step  is  to  seal 
the  open  end  hermetically.  This  is  done  by  heating  the 
bulb  till  the  mercury  rises  very  near  the  summit,  and  then 
suddenly  darting  a  fine-pointed  flame  from  a  blow-pipe  across 
the  opening,  so  as  to  fuse  the  glass  and  close  the  aperture 
before  the  mercury  has  had  time  to  recede  from  it. 

The  construction  of  a  thermometer  is  now  so  far  complete 
that  it  aflbrds  a  means  of  ascertaining  the  comparative  tem- 
perature of  bodies ;  but  it  is  deficient  in  one  essential  point, 
namely,  the  observations  made  with  different  instruments 
cannot  be  compared  together.  To  effect  this  object,  the 
thermometer  must  be  graduated,  a  process  which  consists  of 
two  parts.  The  first  and  most  important  is  to  obtain  two 
fixed  points  which  shall  be  the  same  in  every  thermometer. 
The  practice  now  generally  followed  for  this  purpose  was 
introduced  by  Sir  Isaac  Newton,  and  is  founded  on  the  fact, 
that  when  a  thermometer  is  plunged  into  ice  that  is  dis- 
solving, or  into  water  which  is  boiling,  it  constantly  stands 
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•eale»  by  multiplying  by  five,  and  dividing  by  nine,  or  to 
that  of  Reaumur,  by  multiplying  by  four  instead  of  five. 
Either  of  these  may  be  reduced  to  Fahrenheit  by  reversing 
the  process;  the  multiplier  is  nine  in  both  cases,  aiid  the 
divisor  four  in  the  one  and  five  in  the  other.  But  it  must  be 
remembered  in  these  reductions,  that  the  asero  of  Fahrenhdt^s 
thermometer  is  S3  degrees  lower  than  tliat  of  the  centigrade 
or  Reaumur,  and  a  due  allowance  must  be  made  for  this 
circumstanoe.  An  example  will  best  show  how  this  is  done. 
To  reduce  918^  F.  to  the  oentrigade,  first  subtract  32,  which 
leaves  180;  and  this  number  multiplied  by  ^,  gives  the  cor- 
responding expressicm  in  the  centigrade  scale.  Or  to  reduce 
100°  C.  to  Fahrenheit,  multiply  by  f ,  and  then  add  32.  To 
save  the  trouble  of  such  reductions,  I  have  subjoined  a  table, 
which  shows  the  degrees  on  the  centigrade  scale  and  that  of 
Reaumur,  corresponding  to  the  degrees  of  Fahrenheit s  ther- 
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Fakraahwt. 

Catignde. 

Bmoidw, 

S12    .     . 

100- 

.    .        80 

900    .     . 

93-33 

.    .        74.66 

190    .     . 

87-77 

.     .        70-99 

180    .    . 

82-ffi 

.    .        66-77 

170    .    . 

76-66      . 

.    .        61-33 

IfiO    .     . 

Till 

.    .        56-88 

150    .     . 

66-55 

.    .        59-44 

140    .     . 

60 

.    .        48 

ISO    .     . 

55-44 

.     .        43-55 

190    .    . 

48-88 

.     .        3911 

110    .    . 

43-33 

.     .        84-66 

100    .     . 

37.77      .    . 

30^ 

90    .    .     . 

82-29      .     . 

26-77 

80    .    .     . 

96-66      .     . 

.    .        91-33 

70    .    .     . 

9111      .    . 

.    .        16-88 

60    .    .     . 

15-55      .    . 

.    .        19-44 

50    .    .     . 

10          .    . 

.    .          8 

40    .     .     . 

4.44      .     . 

,    .          3.55 

82    .     .     , 

0 

,    .          0 

90    .     .     . 

—  6*66 

.    —  6-33 

10    .     .     . 

—19.99      .     . 

.    —  9-77 

0    ,     .     . 

—17-77      .    . 

.    —14-99 

\    7 
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construction  oonnsts  in  finding  an  infaaible  metal  of  uni- 
form expansibility,  and  in  measuring  the  degree  of  expan- 
sion with  exactness.  The  metal  best  suited  to  pyrometric 
purposes  is  platinum,  and  Professor  Daniell  has  latdy  con- 
structed a  platinum  pyrometer,  which  appears  to  be  vary 
accurate  in  its  indications,  and  to  be  less  inconvenient  in  use 
than  other  instruments  of  the  same  nature.  (Phil.  Trans. 
1830.)  He  has  since  found  that  the  expansion  of  wrought 
iron  agrees  closely  with  that  of  platinum,  and  therefore  that 
the  former  metal  may  be  substituted  in  his  pyrometer  for  the 
latter.     (Phil.  Trans.  1831.) 

The  pyrometer  of  Wedgewood  acts  on  a  different  princi- 
ple, being  founded  on  the  property  which  clay,  a  compound 
of  aluminous  earth  and  water,  possesses  of  gradually  losing 
its  water  when  exposed  to  an  increasing  temperature,  and  of 
contracting  as  the  water  is  dissipated.  The  contraction  even 
continues  after  every  trace  of  water  has  been  removed,  owing 
to  partial  vitrification  occurring,  which  tends  to  bring  the 
particles  of  the  clay  into  still  nearer  proximity.  The  in- 
tensity of  the  heat  may  therefore  in  some  measure  be  esti- 
mated by  the  d^ree  of  contraction  which  it  has  occasioned. 

The  apparatus  consists  of  a  metallic  groove,  24  inches 
long,  the  sides  of  which  converge,  being  half  an  inch  wide 
above,  and  three-tenths  below.  The  clay,  well  washed,  is 
made  up  into  little  cubes  that  fit  the  commencement  of  the 
groove,  after  having  been  heated  to  redness ;  and  their  sub- 
sequent contraction  by  heat  is  determined  by  allowing  them 
to  slide  from  the  top  of  the  groove  downwards,  till  they 
arrive  at  a  part  of  it  through  which  they  cannot  pass.  Mr. 
Wedgewood  divided  the  whole  length  of  the  groove  into  240 
degrees,  each  of  which  he  supposed  equal  to  130  of  Fahren- 
heit ;  and  the  zero  of  his  scale  corresponds  to  the  1077th  de. 
gree  of  Fahrenheit's  thermometer. 

Wedgewood''s  pyrometer  is  not  employed  at  present,  be- 
cause  its  indications  cannot  be  relied  on.  Every  observa- 
tion requires  a  separate  piece  of  clay,  and  the  observer  is 
never  sure  that  the  contraction  of  the  second  cube,  from  the 
same  heat,  will  be  exactly  similar  to  that  of  the  first ;  especi* 
ally  as  it  is  difiicult  to  procure,  specimens  of  the  earth,  the 
composition  of  which  is  in  every  respect  the  same.  It  is 
doubtful,  too,  if  its  point  of  zero  has  been  correctly  esti- 
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The  above  description  applies  to  an  improvement  on  Dr. 
Rutherford^s  thennometer,  made  by  Mr.  Adie  of  Edin- 
burgh. 

Thoiigii  the  thermometer  is  one  of  the  most  raluable  in* 
atruments  of  philosophical  research,  it  must  be  confessed 
that  the  sum  of  information  which  it  conveys  is  very  smaU. 
It  does  indeed  point  out  a  difference  in  the  temperature  of 
two  or  more  substances  with  great  nicety ;  but  it  does  not 
indicate  how  much  caloric  any  body  contains.  It  does  not 
follow,  because  the  thermometer  stands  at  the  same  devation 
in  any  two  bodies,  that  they  contain  equal  quantities  of  calo- 
ric ;  nor  is  it  right  to  infer  that  the  warmer  possesses  more 
of  this  principle  than  the  colder.  The  thermometer  gives 
the  same  kind  of  information  which  may  be  discovered, 
though  less  accurately,  by  the  feelings ;  it  recognises  in 
bodies  tViat  state  of  caloric  alone,  which  affects  the  senses 
with  an  imjH'ession  of  heat  or  cold, — the  condition  expressed 
by  the  word  temperature.  All  we  learn  by  this  instrument 
18,  whether  the  temperature  of  one  body  is  greater  or  less 
than  that  of  another ;  and  if  there  is  a  difference,  it  is  ex- 
pressed numerically,  namely,  by  the  degrees  of  the  ther- 
mometer. But  it  must  be  remembered  that  these  degrees 
are  parts  of  an  arbitrary  scale,  selected  for  convenience, 
without  any  reference  whatever  to  the  actual  quantity  of 
caloric  present  in  bodies. 

Very  little  reflection  will  evince  the  propriety  of  these 
remarks.  If  two  glasses  of  unequal  size  be  filled  with  water 
just  taken  from  the  same  spring,  the  thermometer  will  stand 
in  each  at  the  same  height,  though  their  quantities  of  caloric 
are  certainly  unequal.  This  observation  naturally  suggests 
the  inquiry,  whether  different  kinds  of  substances,  whose 
temperatures  as  estimated  by  the  thermometer  are  the  same, 
contain  equal  quantities  of  caloric  ;-^if,  for  example,  a  pound 
of  iron  contains  as  much  caloric  as  a  pound  of  water  or  mer- 
cury. The  foregoing  remark  shows  that  equality  in  tempe- 
rature is  not  necessarily  connected  with  equality  in  quantity 
of  caloric  ;  and  the  inference  has  been  amply  confirmed  by 
experiment.  If  equal  quantities  of  water  are  mixed  to- 
gether, one  portion  being  at  100^  F.  and  the  other  at  50^, 
the  temperature  of  the  mixture  will  be  the  arithmetical  mean 
or  76° ;  that  is,  the  Sffi  degrees  lost  by  the  warm  water,  will 
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was  expressed  in  the  language  of  Dr.  Black  by  the  term 
capacity  for  caloric,  a  word  apparently  suggested  by  the  idea, 
that  the  heat  present  in  any  substance  is  contained  within 
its  pores,  or  in  the  spaces  left  between  its  particles,  and  that 
the  quantity  of  heat  is  r^ulated  by  the  size  of  the  pores. 
And  indeed  at  first  view  there  appear  sufficient  grounds  for 
this  opinion ;  for  it  is  observed.  Chat  very  compact  bodies 
have  the  smallest  capacities  for  caloric,  and  that  the  capacity 
of  the  same  substance  often  increases  as  its  density  becomes 
less.  But,  as  Dr.  Black  himself  pointed  out,  if  this  were  the 
real  cause  of  the  difference,  the  capacities  of  bodies  for  caloric 
should  be  inversely  as  their  densities.  Thus,  since  mercury 
is  13  times  and  a  half  denser  than  water,  the  capacity  of  the 
latter  for  caloric  ought  to  be  only  13  times  and  a  half  greater 
than  the  former,  whereas  it  is  23  times  as  great.  OQ  oe- 
cupies  more  space  than  an  equal  wcnght  of  water,  and  yet 
the  capacity  of  the  latter  for  caloric  is  double  that  of  the 
former.  The  word  capacity  therefore  is  apt  to  exdte  a 
wrong  notion,  unless  it  be  carefully  borne  in  mind,  that  it  is 
merely  an  expression  cf  the  fact  without  allusion  to  its 
cause ;  and  to  avoid  the  chance  of  error  fiom  this  source, 
the  term  specific  caloric  has  been  projpoaed  as  a  substitute 
for  it,  and  is  now  very  generally  employed. 

The  singular  fact  of  substances  of  equal  temperature  con- 
taining unequal  quantities  of  heat  naturally  excites  specu- 
lation about  its  cause,  and  various  attempts  have  been  made 
to  account  for  it.  The  explanation  deduced  from  the  views 
of  Dr.  Black  is  the  following:  He  conceived  that  caloric 
exists  in  bodies  under  two  opposite  conditioiis :  in  one  it  is 
supposed  to  be  in  a  state  of  chemical  combination,  when  it 
lays  aside  its  prominent  characters,  and  remains  as  it  were 
concealed,  without  evincing  any  signs  of  its  presence ;  in  the 
other,  it  is  free  and  uncombined,  passing  readily  from  one 
substance  to  another,  affecting  the  senses  in  its  passage, 
determining  the  height  of  the  thermometer,  and  in  a  word 
giving  rise  to  all  the  phenomena  which  are  attributed  to  this 
active  principle. 

Though  it  would  be  easy  to  start  objections  to  this  inge- 
nious conjecture,  it  has  the  merit  of  explaining  phenomena 
more  satisfactorily  than  any  view  that  has  been  proposed  in 
its  place.     It  is  entirely  consistent  with  analc^y.     For  since 
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afterwards  practifled  to  a  great  extent  by  Drs.  Crawford  and 
Inrine.*  But  the  same  knowledge  may  be  obtained  by  re- 
Tersing  the  process,— by  noting  the  relative  quantities  of 
caloric  which  bodies  give  out  in  cooling ;  for  if  water  re- 
quire 23  times  more  caloric  than  mercury  to  raise  its  tem- 
perature by  one  or  more  degrees,  it  must  also  lose  23  times 
as  much  in  cooling.  The  calorimeter,  invented  and  employed 
by  Lavoisier  and  Laplace,  acts  on  this  principle.  The  appa- 
rstUB  consists  of  a  wire  cage,  suq>ended  in  the  centre  of  a 
metallic  vessel  so  much  larger  than  itself,  that  an  interval  is 
kft  between  them,  which  is  filled  with  fragments  of  ice. 
The  mode  of  estimating  the  quantity  of  caloric  which  is 
emitted  by  a  hot  body  placed  in  the  wire  cage,  depends  upon 
the  fact,  that  ice  cannot  be  heated  beyond  32^  F. ;  since 
every  particle  of  caloric  which  is  then  supplied  is  employed 
in  liquefying  it,  without  in  the  least  affecting  its  tempe- 
rature. If,  therefore,  a  flask  of  boiling  water  be  put  into  the 
cage*  it  will  gradually  cool,  the  ice  will  continue  at  32^,  and 
a  portion  of  ioe-oM  water  will  be  formed ;  and  the  same 
change  will  happen  when  heated  mercury,  oil,  or  any  other 
substance  is  substituted  for  the  hot  water.  The  sole  dif- 
ference will  consist  in  the  quantity  of  ice  liquefied,  which 
will  be  proportional  to  the  caloric  lost  by  those  bodies  while 
they  cook ;  so  that  their  capacity  is  determined  merely  by 
measuiJng  the  quantity  of  water  produced  by  each  of  them. 
This  is  done  by  allowing  the  water,  as  it  forms,  to  run  out 
of  the  calorimeter  by  a  tube  fixed  in  the  bottom  of  it,  and 
carafnUy  wdghing  the  liquid  which  issues. 

There  is  one  obvious  source  of  fallacy  in  this  mode  of 
operating,  agpdnst  which  it  is  necessary  to  provide  a  remedy  ; 
namely,  the  ice  not  only  receives  caloric  from  the  substance 
in  the  central  cag^  but  must  also  receive  it  from  the  air  of 
the  apartment  in  which  the  experiment  is  conducted.  This 
inooDvenience  is  avoided  by  surrounding  the  whole  apparatus 
by  A  hoger  metallic  vessel  of  the  same  form  as  the  smaller 
one,  and  of  such  a  size  that  a  certain  space  is  left  between 
them,  which  is  to  be  filled  with  pounded  ice  or  snow.  No 
external  heat  can  now  penetrate  to  the  inner  vessel ;  because 
all  the  caloric  derived  from  the  apartment  is  absorbed  by  the 
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ascribed  to  the  latter  is  confounded  with,  and  materially 
influenced  by,  the  unavoidable  errors  of  manipulation. 

The  same  subject  was  investigated  by  Lavoisier  and  La- 
place by  means  of  their  calorimeter.  A  current  of  gas  was 
transmitted  in  a  serpentine  tube  through  boiling  water  in 
order  to  be  heated,  and  was  then  made  to  circulate  within  the 
calorimeter  in  a  similar  tube  surrounded  with  ice.  Its  tem- 
perature in  entering  and  quitting  the  calorimeter  was  ascer- 
tained by  thermometers,  and  the  heat  lost  by  each  gas  was 
estimated  by  the  quantity  of  ice  liquefied.  Their  experi* 
ments  are  of  course  liable  to  the  objections  already  made  to 
the  use  of  ice ;  but  a  similar  train  of  experiments,  not  ex- 
posed to  this  fallacy,  was  conducted  in  the  year  1813  with 
extreme,  care  by  Delaroche  and  Berard.  (An.  de  Chimie, 
Lxxxv.  and  Annals  of  Phil,  ii.)  They  transmitted  known 
quantities  of  gas,  heated  to  212^  F.,  in  an  uniform  current 
through  the  calorimeter ;  and,  instead  of  ice,  surrounded  the 
serpentine  tube  with  water,  the  temperature  of  which,  as 
weU  as  of  the  gas  at  its  exit,  was  ascertained  during  the 
course  of  the  process  by  delicate  thermometers.  By  opera^ 
ting  with  a  considerable  quantity  of  gas,  they  avoided  the 
error  into  which  Crawford  fell ;  and  the  experiments,  though 
complicated  and  involving  various  sources  of  error,  were  con- 
ducted with  such  skill  and  caution  that  they  inspired  great 
ccNifidence,  and  are  still  admitted  to  be  more  accurate  than 
any  which  have  been  made  on  this  difficult  subject.  Their 
results  are  contained  in  the  following  table ;  the  specific  heat 
of  the  gases  being  referred  to  atmospheric  air  as  unity  in  the 
two  first  columns,  and  to  water  in  the  third. 


Names  of  Substances. 

Under  eqnal 
Volumes. 

Under  equal  Weights. 

Atmospheric  air 
Hydrogen  gas 
Oxygen  gas 
Nitrogen  gas 
Nitrous  oxide  gas 
Olefiant  gas  . 
Carbonic  oxide  gas     • 
Carbonic  acid  gas  . 
Water 
Aqueous  vapour     . 

1-0000 
8-9083 
0-9765 
1-0000 
1-3503 
1-5530 
1-0340 
1-2583 

•  .. 

•  • 

1-0000     .     .     0-2669 
12-3400    .     .     3-2936 
0-8848     .     .     0-2361 
1-0818     .     .     0^754 
0-8878     .     .     0-2369 
1-5763     .     .     0-4207 
1-0805     .     .     0-2884 
0-8280     .     .     0-2210 

10000 

0-8470 

E 
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g^be,  the  inner  surface  of  which  was  made  to  radiate  freely 
by  a  coating  of  lamp-black,  and  the  air  between  it  and  the 
glass  globe  was  withdrawn  by  an  air-pump.  The  whole  ap- 
paratus, being  farou^ht  to  the  temperature  of  68°  F.,  was  im- 
mersed during  exactly  five  minutes  in  water  kept  steadily  at 
8SP ;  and  the  heat  imparted  to  the  copper  was  radiated  from 
its  inner  surface,  and  thus  reached  the  glass  globe  in  the  cen« 
tre.  By  always  operating  exactly  in  the  same  manner,  it  was 
conceived  that  the  same  volume  of  each  gas  would  receive 
equal  quantities  of  caloric  in  equal  times ;  and  that  fiom 
the  temperature  thus  communicated  to  each,  its  specific  heat 
might  be  inferred.  In  two  sets  of  experiments  thus  con- 
ducted, they  found  that  each  gas  acquired  the  same  elasti- 
city, or  was  heated  to  the  same  degree ;  and  thence  they  in-^ 
ferred  that  gases  in  general,  for  equal  volumes  and  pressures, 
have  the  same  capacity  for  caloric.  They  also  operated  with 
the  same  gas  at  different  densities ;  and  concluded  that  the 
specific  heat  of  each  gas,  for  equal  volumes,  diminishes 
slowly  as  its  density  decreases. 

In  the  An.  de  Ch.  et  Ph.  xu.  113,  Dulong  has  published 
some  critical  remarks  on  these  experimmts.  He  argues,  in 
the  first  place,  that  the  quantity  of  gas  ^nployea  was  so 
small,  that  any  effect  arising  from  a  difference  in  specific 
heat  could  not  be  appreciated.  He  contends,  furthar,  that 
the  temp^ature  acquired  by  a  gas  in  such  experiments  is  not 
influenced  by  its  specific  caloric  only,  but  in  part  by  the 
relative  facility  with  which  heat  is  transmitted  through  the 
gas.  It  has  been  already  observed  that  heat  is  ccmducted  by 
gaseous  matter  with  extreme  slowness,  but  is  rapidly  difiused 
through  it  in  consequence  of  the  mobility  of  its  particles. 
Now  gases  differ  considerably  under  this  point  of  view. 
Hydrogen  acquires  the  temperature  of  a  hot  body  placed  in 
it  much  more  rapidly  than  carbonic  acid;  and  therefore, 
were  the  same  volume  of  these  gases  exposed  for  an  equal 
short  period  to  equal  sources  of  caloric,  the  former  would 
acquire  a  higher  temperature  simply  from  its  ccmveying  heat 
more  readily.  The  validity  of  these  strictures  can  scarcely, 
I  apprehend,  be  denied.  It  may  therefore  be  inferred  from  . 
the  foregoing  observations,  that  the  specific  heats  of  the  > 
gases  are  not  yet  accurately  known,  and  that  the  numbers 

B  2 


CALORIC.  5S 

its  specific  heat  is  diminished.  The  exact  rate  of  increase  is 
unkno¥m;  but  according  to  De  la  Roche  and  B^rard,  the 
ratio  is  less  rapid  than  the  diminution  in  density ;  that  is, 
the  specific  heat  of  any  gas  being  1,  it  is  not  2,  but  be- 
tween one  and  two,  when  its  volume  is  doubled. 

6.  The  spedfic  heat  of  solids  and  liquids  was  formerly 
thought,  especially  by  Drs.  Crawford  and  Irvine,  to  be  con- 
stant at  all  temperatures,  so  long  as  they  su£^  no  change  of 
form  or  composition.  Mr.  Dalton,  however,  (Chemical  Phi*^ 
losophy,  part  I.  p.  50,)  endeavours  to  show  that  the  specific 
caloric  of  such  bodies  is  greater  in  high  than  at  low  tempe- 
ratiu'es ;  and  Petit  and  Dulong,  in  the  essay  already  quoted, 
have  proved  it  experimentally  with  respect  to  several  of 
them.    Thus  the  mean  capacity  of  iron  between 


(y>  C  and 

1000  Cent. 

is 

0.1098 

0»  C 

200«>  C 

• 

0.1150 

0»  C 

300»  C 

• 

0.1218 

0»  C 

350»  C 

• 

0.1255 

and  the  same  is  true  of  the  substances  contained  in  the  fol- 
lowing table. 

Mean  Capacity  Mean  Capacity 

between  (f  and  lOOP  C.  between  (f  and  300P  C 

Mercury  0.0330  0.0350 

Zinc  0.0927  0.1015 

Antimony  0.0507  0.0549 

Silver      .         .  0^0557  0.0611 

Copper    .  0.0949  0.1013 

Platinum  0.0355  0.0355 

Glass  0.1770  0.1900 

It  is  difficult  to  determine  whether  the  increased  specific 
caloric  observed  in  solids  and  liquids  at  high  temperatures  is 
owing  to  the  accumulation  of  heat  within  them,  or  to  their 
dilatation.  It  is  ascribed  in  general  to  the  latter,  and  I 
believe  correctly  ;  because  the  expansion  and  contraction  of 
gases  by  change  of  pressure,  without  the  aid  of  heat,  is 
attended  with  corresponding  changes  of  capacity  for  caloric. 

7.  Change  of  capacity  for  caloric  always  occasions  a 
change  of  temperature.  Increase  in  the  former  is  attended 
by  diminution   of  the  latter ;  and  decrease  in  the  former 
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thdr  own  experiments,  with  variation  of  temperature,  with- 
out change  of  form.  To  the  latter  part  of  the  criticism  Du* 
long  and  Petit  are  certainly  exposed ;  but  they  have  antici- 
pated the  former  by  remarking,  that  the  law  is  not  affected 
by  change  of  form,  provided  the  substances  compared  are 
taken  in  the  same  state.  Future  observation  must  decide  on 
the  validity  of  this  position. 

ON   LIQUEFACTION. 

All  bodies,  hitherto  known,  are  either  solid,  liquid,  or 
gaseous ;  and  the  form  they  assume  depends  on  the  rdative 
intensity  of  cohesion  and  repulsion.  Should  the  repulsive 
force  be  comparatively  feeble,  the  particles  wiU  adhere  so 
firmly  together,  that  they  cannot  move  freely  upon  one  an« 
other,  thus  constituting  a  solid.  If  cohesion  is  so  far  coun* 
teracted  by  repulsion,  that  the  particles  move  on  each  other 
fredy,  a  liquid  is  formed.  And  riiould  the  oc^esive  attrac- 
tion be  entirely  overcome,  so  that  the  particles  not  only 
move  freely  on  each  other,  but  separate  from  one  another  to 
an  almost  indefinite  extent,  unless  restrained  by  external 
pressure,  an  aeriform  substance  will  be  produced. 

Now  the  property  of  repulsion  is  manifestly  owing  to 
caloric ;  and  as  it  is  easy  within  certain  limits  to  increase  or 
diminish  the  quantity  of  this  principle  in  any  substance,  it 
follows  that  the  form  of  bodies  may  be  made  to  vary  at  plea- 
sure :  that  is,  by  heat  sufficiently  intense  every  solid  may  be 
converted  into  a  fluid,  and  every  fluid  into  vapour.  This 
inference  is  so  far  justified  by  experience,  that  it  may  safely 
be  considered  as  a  general  law.  The  converse  ought  also  to 
be  true,  and,  accordingly,  several  of  the  gases  have  already 
been  condensed  into  liquids  by  means  of  pressure,  and 
liquids  have  been  solidified  by  cold.  The  temperature  at 
which^  liquefaction  takes  place  is  called  the  melting  point,  or 
point  of  fusion ;  and  that  at  which  liquids  solidify,  their 
point  of  congelation.  Both  these  points  are  different  for 
different  substances,  but  uniformly  the  same,  under  similar 
circumstances,  in  the  same  body. 

The  most  impcMrtant  circumstance  relative  to  liquefaction 
is  the  discovery  of  Dr.  Black,  that  a  large  quantity  of  caloric 
disappears,  or  becomes  insensible  to  the  thermometer,  during 
the  process.     If  a  pound  of  water  at  8SP  be  mixed  with  a 
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the  only  source  of  supply  is  the  caloric  of  jQuidity,  Further, 
if  pure  recently  boiled  water  be  cooled  very  slowly,  and  kept 
very  tranquil,  its  temperature  may  be  lowered  to  21^  F. 
without  any  ice  being  formed ;  but  the  least  motion  causes 
it  to  congeal  suddenly,  and  in  doing  so  its  temperature  rises 
to  32°  F.     (Sir  C.  Blagden  in  Phil.  Trans.  1788.) 

The  explanation  which  Dr.  Black  gave  of  these  pheno- 
mena constitutes  what  is  called  his  doctrine  of  latent  heat, 
which  was  partially  explained  on  a  former  occasion.  (Page 
45.)  He  conceived  that  caloric  in  causing  fluidity  loses  its 
property  of  acting  on  the  thermometer  in  consequence  of 
combining  chemically  with  the  solid  substance,  and  that 
liquefaction  results,  because  the  compound  so  formed  does 
not  possess  that  degree  of  cohesive  attraction  on  which  soli- 
dity depends.  When  a  liquid  is  cooled  to  a  certain  point, 
it  parts  with  its  caloric  of  fluidity,  heat  is  set  free  or  be* 
comes  sensible,  and  the  cohesion  natural  to  the  solid  is 
restored.  The  same  mode  of  reasoning  was  applied  by  Dr. 
Black  to  the  conversion  of  liquids  into  vapours,  a  change 
during  which  a  large  quantity  of  caloric  disappears. 

A  different  explanation  of  these  phenomena  was  proposed 
by  Dr.  Irvine.  Observing  that  a  solid  has  a  less  capacity  for 
caloric  than  the  same  substance  when  in  a  liquid  state,  he 
argued  that  this  circumstance  alone  accounts  for  caloric 
becoming  insensible  during  liquefaction.  For  since  the 
capacity  of  ice  and  water  for  caloric,  or  in  other  words  the 
quantity  of  heat  required  to  raise  their  temperature  by  the 
same  number  of  degrees,  was  found  to  be  as  9  to  10,  Dr.  Irvine 
inferred  that  ice  must  contain  one-tenth  less  caloric  than 
water  of  the  same  temperature,  and  that  as  this  difference 
must  be  supplied  to  the  ice  when  it  is  converted  into  water, 
the  change  must  necessarily  be  accompanied  with  the  disap- 
pearance of  caloric.  Dr.  Irvine  applied  the  same  argument 
Co  the  liquefaction  of  all  solids,  and  likewise  to  account  for 
the  caloric  which  is  rendered  insensible  during  the  formation 
of  vapour. 

Two  objections  may  properly  be  urged  against  the  opinion 
of  Dr.  Irvine.  In  the  first  place,  no  adequate  reason  is 
assigned  for  the  liquefaction.  It  accounts  for  the  disappear- 
ance of  caloric  which  accompanies  liquefaction,  but  does  not 
explain  why  the  body  becomes  liquid ;  whereas  the  hypo- 
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vapour.  The  phenomena  are  in  this  point  of  view  identical ; 
and,  therefore,  the  same  mode  of  reasoning  by  which  one  of 
them  is  explained,  may  be  employed  to  account  for  the 
other. 

The  disappearance  of  sensible  caloric  in  liquefaction  is  the 
basis  of  many  artificial  processes  for  producing  cold.  All  of 
them  are  conducted  on  the  principle  of  liquefying  solid  sub- 
stances without  the  aid  of  heat.  For,  the  caloric  of  fluidity 
being  then  derived  chiefly  from  that  which  had  previously 
existed  within  the  solid  itself  in  a  sensible  state,  the  tempe- 
rature necessarily  falls.  The  degree  of  cold  thus  produced 
depends  upon  the  quantity  of  caloric  which  disappears,  and 
this  again  is  dependent  on  the  quantity  of  solid  matter 
liquefied,  and  on  the  rapidity  of  liquefaction. 

The  most  common  method  of  producing  cold  is  by  mixing 
together  equal  parts  of  snow  and  salt.  The  salt  causes  the 
snow  to  melt  by  reason  of  its  affinity  for  water,  and  the 
water  dissolves  the  salt ;  so  that  both  of  them  become  liquid. 
The  cold  thus  generated  is  32  degrees  below  the  temperature 
of  freezing  water ;  that  is,  a  thermometer  placed  in  the  mix- 
ture would  stand  at  zero.  This  is  the  way  originally  pro- 
posed by  Fahrenheit  for  determining  the  commencement  of 
his  scale. 

Any  other  substances  which  have  a  strong  affinity  for  water 
may  be  substituted  for  the  salt ;  and  those  have  the  greatest 
effect  in  producing  cold  whose  affinity  for  that  liquid  is  great- 
est, and  which  consequently  produce  the  most  rapid  liquefac- 
tion. The  crystallized  muriate  of  lime  proposed  by  Lowitz, 
is  by  far  the  most  convenient  in  practice.  This  salt  may  be 
made  by  dissolving  marble  in  muriatic  acid :  the  solution 
should  be  concentrated  by  evaporation,  till,  upon  letting  a 
drop  of  it  fall  upon  a  cold  saucer,  it  becomes  a  solid  mass. 
It  should  then  be  withdrawn  from  the  fire,  and  when  cold  be 
speedily  reduced  to  a  fine  powder.  From  its  extreme  deli- 
quescence it  must  be  preserved  in  well-stopped  vessels.  The 
following  table,  from  Mr.  Walker's  paper  in  the  Philoso- 
phical Transactions  for  1801,  contains  the  best  proportions 
for  producing  intense  cold. 
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FRIGORIFIC    MIXTURES    WITH    SNOW.* 


MIXTURES. 

Parts  by  weight. 
Muriate  of  Soda      •  1 

Snow    .  .  .2 


Thennometer  sinks. 


Muriate  of  Soda  .  2 
Muriate  of  Ammonia  .  1 
Snow , , 5 

Muriate  of  Soda  .  '.  lO 
Muriate  of  Anmionia  •  5 

Nitrate  of  Potash  5 

Snow  . 24 

Muriate  of  Soda  .      5 

N  itrate  of  A  mmonia  5 

Snow    . , .     12 

Diluted  Sulphuric  Acidt  2 
Snow 


to -6° 


e 


3 

B 
8 


to-12*> 


to-18^ 


to -25*' 


from  -f  32**  to-23° 


Concentrated  Muriatic  Acid  5 
Snow    •  •  .8 

Concentrated  Nitrous  Acid  4 
Snow    . 

Muriate  of  Lime 
Snow    . 


from  4-  32°  to— 27** 


from +  32°  to— 30** 


*  •  5l    from +  32°  to -40° 

•  .4, 


CrystallizedMuriateofLimea    fro^  .  320  to-50° 
Snow    .  •  .21 


Fused  Potash 
Snow 


J     from -f  32°  to -51° 


Degree  of  Cold 
produced. 


55  degrees. 


59 


62 


72 


82 


83 


But  freezing  mixtures  may  be  made  by  the  rapid  solution 
of  salts,  without  the  use  of  snow  or  ice ;  and  the  following 
table,  taken  from  Walker'^s  Essay  in  the  Philosophical 
Transactions  for  1795,  includes  the  most  important  of  them. 
The  salts  must  be  finely  powdered  and  dry. 


MIXTURES. 

Parts  by  Weight. 
Muriate  of  Ammonia     .       5 


Nitrate  of  Potash 
Water  . 


Muriate  of  Ammonia 
Nitrate  of  Potash 
Sulphate  of  Soda      . 
Water  . 


Nitrate  of  Ammonia . 
Water  . 


5 
16 


5 

5 

8 

16 


1 
1 


Temperature  falls. 


from +50°  to +10° 


from +50°  to  +  4' 


from +  50°  to +4* 


Degree  of  Cold 
^oduced. 


40 


46 


46 


*  The  snow  should  be  freshly  fallen,  dry,  and  uncompressed.     If  sbow  cannot 
be  had,  finely  pounded  ice  may  be  substituted  for  it. 

t  Made  of  strong  acid,  diluted  with  half  iu  weight  of  snow  or  distilled  water. 


CALORIC. 


61 


Nitnte  of  Ammonia  .          1 
Carbonate  of  Soda                1 
Water                       •             1 

from+SO^to-T' 

57  degrees. 

Svlphate  of  Soda                  3 
I>Uated  Nitroiis  Acid*         2 

fnmi  +  SO^to-a^ 

53 

SotphateofSoda.                 6 
Mnriaie  of  Ammonia  •         4 
Nttiate  of  Potash                 2 
Dilated  Nitrou  Add          4 

fiom+50Pto-10° 

60 

Salphate  of  Soda  .               6 
Nitxale  of  Ammonia             5 
DUoted  Nitram  Add    .      4 

from  +  60°  to  -  14*» 

64 

Pbotphale  of  Soda  .            9 
DOnted  Nitrons  Add    .      4 

fiom-{-60°to  -12° 

62 

Pho^rflale  of  Soda  .            9 
XttraCe  <^  Ammonia     .      6 
Dilated  Nitnras  Add           4 

fnMn  +  50°to-2l° 

71 

SolphateofSoda                  8 
Manatic  Acid                      5 

from  +  60°to0° 

50 

Salphate  of  Soda                  5 
JDilatod  S«lphnnc  Addt      4 

from+6a'to+3° 

47 

These  artificial  processes  for  generating  cold  are  much 
more  effectual  when  the  materials  are  previously  cooled  by 
immersion  in  other  frigorific  mixtures.  One  would  at  first 
suppose  that  an  unlimited  degree  of  cold  might  be  thus  pro- 
du<^  ;  but  it  is  found  that  when  the  difference  between  the 
mixture  and  the  air  becomes  very  great,  the  communication 
of  heat  from  one  to  the  other  becomes  so  rapid,  as  to  put 
a  limit  to  the  reduction.  The  greatest  cold  produced  by 
Mr.  Walker  did  not  exceed  100  degrees  below  the  zero  of 
Fahrenheit. 

Though  it  is  unlikely  that  we  shall  ever  succeed  in  de- 
priving any  substance  of  all  its  caloric,  it  is  presumed  that 
bodies  do  contain  a  certain  definite  quantity  of  this  princi- 
pie,  and  various  attempts  have  been  made  to  calculate  its 
amount.  The  mode  of  conducting  such  a  calculation  may 
be  shown  by  the  process  of  Dr.  Irvine.  That  ingenious  che- 
mist proceeded  on  the  assumption,  that  the  actual  quantity 
of  caloric  in  bodies  is  proportional  to  their  capacity,  and 
that  the  capacity  remains  the  same  at  all  temperatures,  pro- 
vided no  change  of  form  takes  place.  Thus,  as  the  capacity 
of  ice  is  to  that  of  water  as  9  to  10,  it  follows,  according  to 
the  hypothesis,  that  the  one  contains  1-lOth   more  caloric 

*  CoBpoaed  of  faming  nitrous  acid,  2  parts  in  weight,  and  one  of  water;  the 
bitaie  bdng  allowed  to  cool  before  being  used. 

t  Compoead  of  equal  weighu  of  strong  add  and  water,  being  allowed  to  cool 
DCMse  use* 
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▼ery  different ;  and  the  difference  depends  doubtless  on  the 
rdative  power  of  cohesion  with  whidi  they  are  endowed. 
Fluids  are,  in  general,  more  easily  vaporized  than  solids,  as 
would  be  expected  from  the  weaker  cohesion  of  the  former. 
Some  solids,  such  as  arsenic  and  sal-ammoniac,  pass  at  once 
into  vapour  without  being  liquefied  ;  but  most  of  them  be- 
come liquid  before  assuming  the  elastic  condition. 

Vapours  occupy  more  space  than  the  substances  from 
which  they  were  produced.  According  to  the  experiments 
ct  Oay-Lussac,  water,  at  its  point  of  greatest  density,  in 
passing  into  vapour,  expands  to  1696  times  its  volume,  alco- 
hol to  669  times,  and  ether  to  443  times,  each  vapour  being 
at  a  temperature  of  212^  F.,  and  under  a  pressure  of  29-92 
inches  of  mercury.  This  shows  that  vapours  differ  in  density. 
Watery  vapour  is  lighter  than  air  at  the  same  temperature 
and  ^pressure,  in  the  proportion  of  1000  to  1604 ;  or  the 
density  of  air  bang  1000,  that  of  watery  vapour  is  625.  The 
vapour  of  alcohol,  on  the  contrary,  is  half  as  heavy  again  as 
air ;  and  that  of  ether  is  more  than  twice  and  a  half  as  heavy. 
As  alcohol  boils  at  a  lower  temperature  than  water,  and  ether 
than  alcohol,  it  was  conceived  that  the  density  of  vapours 
might  be  in  the  direct  ratio  of  the  volatility  of  the  liquids 
whidi  produced  them.  But  Oay-Lussac  has  shown  that  this 
law  does  not  hold  generally ;  since  bi-sulphuret  of  carbon 
boils  at  a  higher  temperature  than  ether,  and  nevertheless  it 
yields  a  heavier  vapour. 

The  dilatation  of  vapours  by  heat  was  found  by  Oay- 
Lussac  to  follow  the  same  law  as  gases,  that  is,  for  every 
degree  of  Fahrenheit,  they  increase  by  xiir^^  ^^  ^^^  volume 
they  occupied  at  32°.  But  the  law  does  not  hold  unless  the 
quantity  of  vapour  continue  the  same.  If  the  increase  of 
temperature  cause  a  fresh  portion  of  vapour  to  rise,  then  the 
expansion  will  be  greater  than  xiir^  ^^^  ^^^^  degree ;  be- 
cause the  heat  not  only  dilates  the  vapour  previously  existing 
to  the  same  extent  as  if  it  were  a  real  gas,  but  augments  its 
bulk  by  adding  a  fresh  quantity  of  vapour.  The  contraction 
of  a  vapour  on  cooling  will  likewise  deviate  from  the  above 
law,  whenever  the  cold  converts  any  of  it  into  a  liquid ;  an 
effect  which  must  happen,  if  the  space  had  originally  con- 
tained its  maximum  of  vapour.  The  circumstances  just 
explained  should  be  held  in  view  whenever  the  influence  of 
heat  over  the  bulk  of  vapours  is  estimated  by  calculation. 
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EBULLITION. 


The   temperature  at  which  vapour  rises  with   sufficient 
freedom  for  causing  the  phenomena  of  ebullition,  is  called 
the  baiting  point.     The  heat  requisite  for  this  effect  varies 
with  the  nature  of  the  fluid.     Thus,  sulphuric  ether  boils  at 
96°  F.,  alcohol  at  176°,  and  pure  water  at  212° ;  while  oil  of 
turpentine  must  be  raised  to  316°,  and  mercury  to  662°,  be- 
fore either  exhibits  marks  of  ebullition.     The  boiling  point 
of  the  same  liquid  is  constant,  so  long  as  the  necessary  con- 
ditions are  preserved ;  but  it  is  liable   to  be  affected  by 
several  circumstances.     The  nature  of  the  vessel  has  some 
influence  upon   it.     Thus   6ay-Lussac  observed   that  pure 
water  boils  precisely   at    212°   in    a    metallic  vessel,   and 
at  214°  in  one  of  glass,  owing  apparently  to  its   adhering 
to  glass  more  powerfully  than  to  a  metal.     It   is  likewise 
affected  by  the  presence  of  foreign   particles.     The   same 
accurate  experimenter  found,  that  when   a  few  iron  filings 
are  thrown  into  water  boiling  in  a  glass  vessd,  its  tempera- 
ture quickly  falls  from  214°  to  212°,  and  remains  stationary 
at  the  latter   point.     But  the  circumstance  which  has  the 
greatest  influence  over  the  boiling  point  of  fluids  is  variation 
of  pressure.     All  bodies  upon  the  earth  are  constantly  ex- 
posed to  considerable  pressure ;   for  the  atmosphere  itself 
presses  with  a  force  equivalent  to  a  weight  of  15  pounds  on 
every  square  inch  of  surface.     Liquids  are  exposed  to  this 
pressure  as  well  as  solids,  and  their  tendency  to  take  the 
form  of  vapour  is  very  much  counteracted  by  it.     In  fact, 
they  cannot  enter  into  ebullition  at  all,  till  their  particles 
have  acquired  such  elastic  force  as  enables  them  to  overcome 
the   pressure  upon  their  surfaces ;    that   is,  till  they  press 
against   the  atmosphere  with  the  same  force  as  the  atmos- 
phere against  them.    Now  the  atmospheric  pressure  is  vari- 
able, and  hence  it  follows  that  the  boiling  point  of  liquids 
must  also  vary. 

The  only  time  at  which  the  pressure  of  the  atmosphere  is 
equal  to  a  weight  of  15  pounds  on  every  square  inch  of  sur- 
face, is  when  the  barometer  stands  at  30  inches,  and  then 
only  does  water  boil  at  212°  F.  If  the  pressure  be  less,  tliat 
is,  if  the  barometer  fall  below  30  inches,  then  the  boiling 
point  of  water,  and  of  every  other  liquid,  will  be  lower  than 
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heated  to  any  degree,  even  to  redness,  without  danger  of 
bursting.  But  if  water  be  present,  then  each  addition  of 
caloric  causes  a  fresh  portion  of  steam  to  rise,  which  adds  its 
own  elastic  force  to  that  of  the  vapour  previously  existing ; 
and  in  consequence  an  excessive  pressure  is  soon  exerted 
against  the  inside  of  the  vessel.  Professor  Robison  (Brews> 
ter^s  edition  of  his  works,  p.  25)  found  that  the  tension  of 
steam  is  equal  to  two  atmospheres  at  244°  F.,  and  to  three  at 
2Vf  F.  The  results  of  Mr.  Southern'^s  experiments,  given 
in  the  same  volume,  fix  upon  250*3°  as  the  temperature 
at  which  steam  has  the  force  of  two  atmospheres,  on  293*4° 
for  four,  and  343*6°  tor  eight  atmospheres. 

This  subject  has  been  lately  examined  by  a  commission 
appointed  by  the  Parisian  Academy  of  Sciences,  and  Dulong 
and  Arago  took  a  leading  part  in  the  inquiry.  The  results, 
which  axe  given  in  the  following  table,  were  obtained  by 
experiment  up  to  a  pressure  of  25  atmospheres,  and  at 
higher  pressures  by  calculation.  (Brande^s  Journal,  N.  S. 
rii.  191.) 


SuiicitfoftlM 
rapmr,  tiking 
■ttDMpocnc 
lnui.MBiiity. 

Temperatnre  ac- 
coraing;to 
Fahrenheit. 

Elasticity  of  the 
vapour  taking 
atmoapheric 
press.as  unity. 

Temperatnre  ac 
cording  to 
Fahrenheit. 

1 

212 

13 

380-66 

u 

233-96 

14 

386-94 

2 

250-52 

15 

392-86 

24 

263-84 

16 

398-48 

3 

276-18 

17 

403-82 

3i 

285-06 

18 

408-92 

4 

293-72 

19 

413.96 

4i 

301-28 

20 

418-46 

5 

308-84 

21 

422.96 

5J 

314.24 

22 

427-28 

6 

320.36 

23 

431-42 

6i 

326-26 

24 

435-56 

7 

331-70 

25 

439-34 

7i 

33686 

30 

45716 

8 

34196 

35 

472-73 

9 

350-78 

40 

486-59 

10 

358-88 

45 

491-14 

11 

367.34 

50 

510-60 

12 

37400 

F   2 
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principle,  it  appears  that  steam  of  212^,  in  being  condensed 
into  water  of  212°,  gives  out  as  much  caloric  as  would  raise 
the  temperature  of  an  equal  weight  of  water  by  950  de- 
grees, all  of  which  had  previously  existed  in  the  vapour 
without  being  sensible  to  a  thermometer. 

The  latent  heat  of  steam  and  several  other  vapours  has 
been  examined  by  Dr.  Ure,  whose  results  are  contained  in 
the  following  table.     (Phil.  Trans,  for  1818.) 


Latent  beat. 

Vapour  of  water  at  its  boiling  point 

.    9er 

Alcohol 

442 

Ether 

302^9 

Petroleum 

177.87 

Oil  of  turpentine  . 

177.87 

Nitric  acid 

531.99 

Jjiquid  ammonia    . 

837.28 

Vinegar 

875 

The  disappearance  ot  caloric  that  accompanies  vaporiza- 
tion was  explained  by  Dr.  Black  and  Dr.  Irvine,  in  the  way 
already  mentioned  under  the  head  of  liquefaction ;  and  as 
the  objections  to  the  views  of  the  latter  ingenious  chemist 
were  then  stated,  it  is  unnecessary  to  mention  them  on  the 
present  occasion. 

The  variation  of  volume  and  elasticity  in  vapours  is  at- 
tended, as  in  gases,  with  a  change  of  specific  heat  and  a 
consequent  variation  of  temperature.  (Page  53.)  Thus 
when  steam,  highly  heated  and  compressed  in  a  strong 
boiler,  is  permitted  to  escape  by  a  large  aperture,  the  sud- 
den expansion  is  attended  with  a  great  loss  of  sensible  calo- 
ric :  its  temperature  instantly  sinks  so  much,  that  the  hand 
may  be  held  in  the  current  of  vapour  without  inconvenience. 
The  same  principle  accounts  for  the  fact,  first  ascertained  by 
Mr.  Watt,  that  distillation  at  a  low  temperature  is  not  at- 
tended  with  any  saving  of  fuel.  For  when  water  boils  at  a 
low  temperature  in  a  vacuum,  the  vapour  is  in  a  highly 
expanded  state,  and  contains  more  insensible  heat  than  steam 
of  greater  density.  From  some  experiments  by  Mr.  Sharpe 
in  the  Manchester  Memoirs,  and  also  by  Clement  and  Des- 
ormes,  (Thenard's  Chemistry,  i.  79,  5th  Ed.),  it  appears 
that  the  sum  of  the  sensible  and  insensible  heat  contained  in 
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even  when  its  temperature  ia  low.  Thus  in  dry  cold  days  in 
winter,  the  evaporation  is  exceedingly  rapid;  whereas  it 
goes  on  very  tardily,  if  the  atmosphere  contains  much  va- 
pour, even  though  the  air  be  very  warm. 

4.  Evaporation  is  far  slower  in  still  air  than  in  a  current, 
and  for  an  obvious  reason.  The  air  immediately  in  contact 
with  the  water  soon  becomes  moist,  and  thus  a  check  is  put 
to  evaporation.  But  if  the  air  is  removed  from  the  surface 
of  the  water  as  soon  as  it  has  become  charged  with  vapour, 
and  its  place  supplied  with  fresh  dry  air,  then  the  evapora- 
tion continues  without  interruption. 

5.  Pressure  on  the  surface  of  liquids  has  a  remarkable 
influence  over  evaporation.  This  is  easily  proved  by  placing 
ether  in  the  vacuum  of  an  air-pump,  when  vapour  rises  so 
abundantly  as  to  produce  ebullition. 

As  a  large  quantity  of  caloric  passes  from  a  sensible  to  an 
insensible  state  during  the  formation  of  vapour,  it  follows 
tb&t  cold  should  be  generated  by  evaporation.  The  fact 
may  readily  be  proved  by  letting  a  few  drops  of  ether  evapo- 
rate from  the  hand,  when  a  strong  sensation  of  cold  will  be 
excited ;  or  if  the  bulb  of  a  thermometer,  covered  with  lint, 
be  moistened  with  ether,  the  production  of  cold  will  be 
marked  by  the  descent  of  the  mercury.  But  to  appreciate 
the  degree  of  cold  which  may  be  produced  by  evaporation,  it 
is  necessary  to  render  it  very  rapid  and  abundant  by  arti- 
ficial processes ;  and  the  best  means  of  doing  so,  is  by  re- 
moving pressure  from  the  surface  of  volatile  liquids.  Water 
placed  under  the  exhausted  receiver  of  an  air-pump  evapo- 
rates with  great  rapidity,  and  so  much  cold  is  generated  as 
would  freeze  the  water,  did  the  vapour  continue  to  rise  for 
some  time  with  the  same  velocity.  But  the  vapour  itself 
soon  fllis  the  vacuum,  and  retards  the  evaporation  by  press- 
ing upon  the  surface  of  the  water.  This  difficulty  may  be 
avoided  by  putting  under  the  receiver  a  substance,  such  as 
sulphuric  acid,  which  has  the  property  of  absorbing  watery 
vapour,  and  consequently  of  removing  it  as  quickly  as  it  is 
formed.  Such  is  the  principle  of  Mr.  Leslie's  method  for 
freezing  water  by  its  own  evaporation.* 

The  action  of  the  cryophorus,  an  ingenious  contrivance  of 
the  late  Dr.  Wollaston,  depends  on  the  same  principle.     It 

*  See  arL  Cold,  ia  the  Supplement  to  the  EncyciopaBdia  Britannica. 
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consists  of  two  glass  balls,  perfectly  free  from  air,  and  joined 
together  by  a  tube  as  here  represented. 


One  of  the  balls  contains  a  portion  of  distilled  water,  while 
the  other  parts  of  the  instrument,  which  appear  empty,  are 
full  of  aqueous  vapour,  which  checks  the  evaporation  from 
the  water  by  the  pressure  it  exerts  upon  its  surface.  But 
when  the  empty  ball  is  plunged  into  a  freezing  mixture,  all 
the  vapoiur  within  it  is  condensed  ;  evaporation  commences 
from  the  surface  of  the  water  in  the  other  ball,  and  it  is 
frozen  in  two  or  three  minutes  by  the  cold  thus  produced. 

Liquids  which  evaporate  more  rapidly  than  water,  cause  a 
still  greater  reduction  of  temperature.  The  cold  produced 
by  the  evaporation  of  ether  in  the  vacuum  of  the  air-pump, 
is  so  intense  as  under  favourable  circumstances  to  freeze 
mercury.* 

Scientific  men  have  differed  concerning  the  cause  of  evapo- 
ration. It  was  once  supposed  to  be  owing  to  chemical  at- 
traction between  the  air  and  water,  and  the  idea  is  at  first 
view  plausible,  since  a  certain  degree  of  afiinity  does  to  all 
appearance  exist  between  them.  But  it  is  nevertheless  im- 
possible to  attribute  the  effect  to  this  cause.  For  evapora- 
tion takes  place  equally  in  vacuo  as  in  the  air ;  nay,  it  is  an 
established  fact,  that  the  atmosphere  positively  retards  the 
process,  and  that  one  of  the  best  means  of  accelerating  it,  is 
by  removing  the  air  altogether.  The  experiments  of  Mr. 
Dalton  prove  that  caloric  is  the  true  and  only  cause  of  the 
formation  of  vapour.  He  finds  that  the  actual  quantity  of 
vapour,  which  can  exist  in  any  given  space,  is  dependent 
solely  upon  the  temperature.  If,  for  instance,  a  little  water 
be  put  into  a  dry  glass  flask,  a  quantity  of  vapour  will  be 
formed  proportionate  to  the  temperature.  If  a  thermometer 
placed  in  it  stands  at  32°,  the  flask  will  contain  a  very  small 
quantity  of  vapour.  At  40°,  more  vapour  will  exist  in  it ; 
at  50°  it  will  contain  still  more ;  and  at  60°,  the  quantity 
will  be  still  further  augmented.  If,  when  the  thermometer 
is  at  60°,  the  temperature  of  the  flask  is  suddenly  reduced  to 

*  See  a  paper  by  tbo  late  Dr.  Marcet»  in  NtcholsoD't  Journal,  vol.  xxxiv. 
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40^,  then  a  certain  portion  of  vapour  will  be  converted  into 
water ;  the  quantity  which  retains  the  elastic  form  being 
precisely  the  same  as  when  the  temperature  was  originally 
at  40°. 

It  matters  not,  with  regard  to  these  changes,  whether  the 
flask  is  full  of  air,  or  altogether  empty  ;  for  in  either  case,  it 
will  eventually  contain  the  same  quantity  of  vapour,  when 
the  thermometer  is  at  the  same  height.  The  only  effect  of  a 
difference  in  this  respect,  is  in  the  rapidity  of  evaporation. 
The  flask,  if  previously  empty,  acquires  its  full  complement 
of  vapour,  or,  in  common  language,  becomes  saturated  with 
it,  in  an  instant ;  whereas  the  presence  of  air  affords  a  me- 
chanical impediment  to  its  passage  from  one  part  of  the  flask 
to  another,  and  therefore  an  appreciable  time  elapses  before 
the  whole  space  is  saturated. 

Mr.  Dalton  found  that  the  tension  or  elasticity  of  vapour 
IS  always  the  same,  however  much  the  pressure  may  vary,  so 
long  as  the  temperature  remains  constant,  and  there  is  liquid 
enough  present  to  preserve  the  state  of  saturation  proper  to 
the  temperature.  If,  for  example,  in  a  flaccid  bladder  con- 
taining  a  little  water,  the  pressure  on  its  surface  be  dimi- 
nished, the  vapour  in  the  interior  will  expand  proportionally, 
and  consequently  for  the  moment  wiU  suffer  a  diminution  of 
elasticity,  because  the  tension  of  gaseous  substances  at  a  con- 
stant temperature  diminishes  in  the  same  ratio  as  the  volume 
increases,  or,  in  other  words,  the  elasticity  varies  inversely  as 
the  volume ;  but  the  vapour  in  the  bladder  will  speedily 
recover  its  original  tension,  since  the  water  will  yield  an 
additional  quantity  of  vapour  proportional  to  the  increase  of 
space.  Again,  if  the  pressure  on  the  bladder  be  increased  so 
as  to  diminish  its  capacity,  the  temperature  remaining  con- 
stant, the  tension  of  the  confined  vapour  will  still  continue 
unchanged,  because  a  portion  of  it  will  be  condensed  pro- 
portional to  the  diminution  of  space ;  so  that,  in  fact,  the 
remaining  space  contains  the  very  same  quantity  of  vapour 
as  it  did  originally.  The  same  law  holds  good,  whether  the 
vapour  is  pure,  or  mixed  with  air  or  any  other  gas. 

The  elasticity  of  watery  vapour  at  temperatures  below 
212*^  F.  was  carefully  examined  by  Mr.  Dalton ;  (Manches- 
ter Memoirs,  vol.  v.)  and  his  results,  together  with  those 
s^incc  published  by  Dr.  Urc,  in  the  Philosophical  Transac- 
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temperature  and  pressure,  will  weigh  625  grains ;  and,  there- 
fore, the  density  of  steam  is  625  compared  to  that  of  air 
as  1000.  Atmospheric  air  is  universally  taken  as  a  term  of 
comparison  for  the  density  of  gaseous  substances,  and  pure 
water  for  that  of  liquids  and  solids. 

As  gases  expand  and  contract,  from  varying  temperature 
and  pressure  according  to  the  same  laws,  it  follows  that  the 
denAties  found  at  any  one  temperature  and  pressure  are  con- 
stant for  aU  others.  Thus  if  air  is  twice  as  heavy  as  an 
equal  volume  of  a  certain  gas,  both  being  weighed  at  32^  F. 
and  90  Bar,,  the  same  ratio  will  be  found  at  32°  F.  and 
15  Bar.,  and  at  212^  and  30  Bar.  The  same  remark  applies 
to  vapours,  except  when  they  suffer  condensation.  For  ex- 
ample, the  density  of  air  and  steam,  both  being  weighed  at 
2\2^  and  30  Bar.  is  expressed  by  1000  and  625 :  the  same 
ratio  is  preserved  at  212°  and  at  any  other  pressure  less  than 
30  Bar.,  because  in  that  case  the  vapour  will  expand  like 
air;  but  if  the  pressure  be  increased,  or  the  temperature 
diminished,  condensation  occurs,  and  the  density  of  the  va- 
pour falls  below  625.  Hence  it  happens  that  the  density  of 
vapours  varies  with  the  temperature,  as  is  exemplified  by 
the  following  table,  showing  the  greatest  density  of  aqueous 
vapour  at  the  temperatures  stated,  the  corresponding  elas- 
ticities agreeably  to  Dalton^s  table,  and  the  weight  of  100 
cubic  inches  of  the  vapour. 


Temp. 

Elasticity  in 
inches  of  mercoiy. 

Density. 

Wei^t  of  100 
Cubic  Inches. 

38°  F. 

0-2 

6-7292 

0.13716  grains. 

50P 

0-376 

10-3639 

0-2478 

60P 

()-624 

1418306 

0-3394 

100° 

1-860 

46-6697 

1-117 

150° 

7-42 

170-61 

4-084 

212° 

30 

626 

14-96 

Ju 


In  calculating  these  densities  it  is  assumed  that  the  laws 
of  gaseous  expansion  by  varying  heat  and  pressure  are  true, 
— that  the  density  of  steam  at  212""  ^F.  and  SO  Bar.  is  625 
compared  to  air  at  the  same  temperature  and  pressure  as 
1000,— and  that  100  cubic  inches  of  air  at  212^  and  30  Bar. 
weigh  23*94  grains.  The  formula  for  the  calculation  is  thus 
deduced : — If  d  is  the  density  of  aqueous  vapour  at  any 
pressure  p,  then   since  both   the   density  and  elasticity  of 
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pendent  on  the  pressure  to  which  they  are  subject,  the  air  in 
the  higher  regions  of  the  atmosphere  must  be  much  more 
rare  than  that  in  the  lower,  because  the  former  sustains  the 
pressure  of  a  shorter  atmospheric  column  than  the  latter  ;  so 
that  in  ascending  upwards  from  the  earth,  each  successive 
stratum  of  air,  being  less  compressed  than  the  foregoing,  is 
likewise  more  attenuated.  Now  it  is  found  experimentally 
that  the  elasticity  or  tension  of  any  gaseous  matter  diminishes 
in  the  same  ratio  as  its  volume  increases ;  and,  accordingly, 
whenever  the  tenuity  of  a  portion  of  air,  owing  to  its  distance 
from  the  earth'^s  surface  or  any  other  cause,  is  exceedingly 
great,  its  tension  is  exceedingly  small.  Reasoning  on  this 
principle.  Dr.  Wollaston  conceived  that  at  a  certain  alti- 
tude, probably  at  a  distance  of  40  or  50  miles  from  the  sur- 
face of  the  earth,  the  rarefaction  and  consequent  loss  of 
elastic  force  is  so  extreme,  that  the  mere  gravity  of  the  par- 
ticles becomes  equal  to  their  elasticity,  and  thus  puts  a  limit 
to  their  separation. 

What  Dr.  Wollaston  suggested  of  aerial  particles,  Mr. 
Faraday  supposes  to  occur  in  all  substances ;  and  this  sup- 
position is  perfectly  legitimate,  because  gaseous  matter  in 
general  is  subject  to  the  same  law  of  expansion,  and  is  like- 
wise under  the  influence  of  gravity.     He  infers  that  every 
kind  of  matter  ceases  to  assume  the  elastic  form,  whenever 
the  gravitation  of  its  particles  is  stronger  than  the  elasticity 
of  its  vapour.     The  loss  of  tension  necessary  for  effecting 
this  object  may  be  accomplished  in  two  ways,  either  by  ex- 
treme  dilatation,  or  by  cold.     For  substances  of  great  vola- 
tility, such  as  air  and  most  gases,  the  former  condition  is 
necessary ;  because  the  degree  of  cold  which  we  can  com- 
mand at  the  earth''s  surface  diminishes  their  tension  in  a 
dc^gree  quite  insufficient  to  destroy  their  elasticity.     But  the 
volatility  of  numerous  bodies  is  so  small,  that  their  vapour 
at  common  temperatures  approximates  in  rarity  to  the  air  at 
the  limits  of  the  atmosphere,  and  a  small  degree  of  cold  may 
suffice  for  rendering  its  elasticity  a  force  inferior  to  its  oppo- 
nent, gravity.     In  that  case,  the  vapour  would  be  entirely 
ecmdensed.     Mr.  Faraday  found  that  mercury,  at  a  tempe- 
rature varying  from  60^  to  80^,  yields  a  small  quantity  of 
vapour  ;  but  in  winter  no  trace  of  vapour  could  be  detected. 
Hence  it  is  inferred,  that  at  the  former  temperature  the  elas- 
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expressed  in  the  degrees  of  a  graduated  tube ;  p  the  tension 
of  the  dry  air,  equal  to  the  atmospheric  pressure  as  measured 
by  a  barometer  ;  n  the  bulk  of  the  air  when  saturated  with 
watery  vapour,  and  f  the  tension  of  that  vapour.  (Biot's 
Traite  de  Phys.  I.  303.)  Now  as  the  elasticity  of  a  gas  for 
equal  temperatures  is  inversely  as  its  volume,  it  follows  that 
when  the  dry  air  increases  in  bulk  from  n  to  n\  its  elasticity 
will  diminish  in  the  ratio  of  n  to  n.     Hence  its  elasticity 

ceases  to  be  =p,  and  is  expressed  by^  :  p  is  then  =  ^  H-yV 

that  is,  the  elasticity  of  the  moist  air,  added  to  the  elasticity 
of  the  vapour  present,  is  equal  to  the  pressure  of  the  atmos- 
phere.    From  this  last  equation  are  deduced  the  following 

values :  pn  -^fn*  =  pn  ;  pn  =  pn  ^^fn  ;  and  n  =  — r    J  ) 

One  example  will  suffice  for  showing  the  use  of  this  formula. 
Having  100  measures  of  air  saturated  with  watery  vapour  at 
60^  F.,  the  barometer  standing  at  30  inches,  how  many  mea- 
sures would  the  air  occupy  if  quite  dry  ?  n  =:  100 ;  pzzSO; 
fzz  0.524,  the  tension  of  watery  vapour  at  60°,  according 

m*     T^  1.     .    .  ui        TT                 100  X  (30  —  0.524) 
to  Mr.  Dal  tons  table.     Hence  n  = ^-^r ^  = 

100  X  29.476      Ao  Off     u-  u  •   *u  J 
— =  9o.25,  which  IS  the  answer  required. 

The  preceding  formula  is  true  only  when  the  gas  is  con- 
fined in  a  space  which  readily  enlarges  proportionally  to  the 
additional  pressure,  as  when  a  tube  full  of  air  is  inverted 
over  mercury.  If  the  gas  is  contained  in  a  space  which  does 
not  admit  of  enlargement^  and  a  drop  of  water  is  admitted, 
the  aqueous  vapour  adds  its  elastic  force  f  to  that  of  the  gas 
p,  causing  the  pressure  against  the  containing  vessel  to  be 
equal  top  +/. 

The  presence  of  aqueous  vapour  in  the  atmosphere  is 
owing  to  evaporation.  All  the  accumulations  of  water  upon 
the  surface  of  the  earth  are  subjected  by  its  means  to  a 
natural  distillation  ;  the  impurities  with  which  they  are  im- 
pregnated remain  behind,  while  the  pure  vapour  ascends 
into  the  air,  gives  rise  to  a  multitude  of  meteorological  phe- 
nomena, and  after  a  time  descends  again  upon  the  earth. 
As  evaporation  goes  on  to  a  certain  extent  even  at  low  tem- 
peratures, it  is  probable  that  the  atmosphere  is  never  abso- 
lutely free  from  vapour. 
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respond  to  the  quantity  of  vapour  formed  in  a  given  time. 
Mr.  Ledie^B  hygrometer  is  of  this  kind. 

The  third  kind  of  hygrometer  is  on  a  principle  entirely 
different  from  the  foregoing.  When  the  air  is  saturated 
with  vapour,  and  any  colder  body  is  brought  into  contact 
with  it,  deposition  of  moisture  immediately  takes  place  on 
its  surface.  This  is  often  seen  when  a  glass  of  cold  spring 
water  is  carried  into  a  warm  room  in  summer ;  and  the  phe- 
nomenon is  witnessed  during  the  formation  of  dew,  the 
moisture  appearing  on  those  substances  only  which  are  colder 
than  the  air.  The  degree  indicated  by  the  thermometer 
when  dew  begins  to  be  deposited,  is  called  the  dew-point.  If 
the  saturation  is  complete,  the  least  diminution  of  tempera- 
ture is  attended  with  the  formation  of  dew ;  but  if  the  air  is 
dry,  a  body  must  be  several  degrees  colder  before  moisture 
is  depofdted  on  its  surface ;  and  indeed  the  drier  the  atmos- 
phere, the  greater  will  be  the  difference  between  its  tempera- 
ture and  the  dew-point.  Attempts  were  made  to  estimate 
the  hygrometric  state  of  the  air  on  this  principle  by  the 
Flwentine  Academicians,  but  the  first  accurate  method  was 
introduced  by  M.  le  Roi,  and  since  adopted  by  Mr.  Dalton. 
It  consists  simply  in  putting  cold  water  into  a  glass  vessel, 
the  outside  of  which  is  carefully  dried,  and  marking  the 
temperature  of  the  liquid  at  which  dew  begins  to  be  de- 
posited on  the  glass.  The  water  when  necessary  is  cooled 
either  by  means  of  ice  or  a  freezing  mixture.  This  method, 
when  carefuUy  performed,  is  susceptible  of  great  precision. 

The  hygrometer  of  Professor  Daniell,  described  in  his 
Meteorological  Essays,  acts  on  the  same  principle.  It  con- 
sists of  a  cryophorus,  as  described  at  page  72,  but  modified 
somewhat  in  form,  and  containing  ether  instead  of  water. 
Within  one  of  its  balls  is  fixed  a  delicate  thermometer,  the 
bulb  of  which  is  partially  immersed  in  the  ether  so  as  to 
indicate  its  temperature,  and  the  other  ball  is  covered  with 
muslin.  When  the  instrument  is  used,  the  muslin  is  moists 
ened  with  ether,  and  the  cold  produced  by  its  evaporation 
condenses  the  vapour  within  the  cryophorus,  and  causes  the 
ether  to  evaporate  rapidly  in  the  other  ball.  The  cold  thus 
generated  chills  the  ether  itself  and  the  ball  containing  it ; 
md  in  a  short  time  its  temperature  descends  so  low,  that  dew 
is  deposited  on  the  surface  of  the  glass.     As  soon  as  this 
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CONSTITUTION    OF    GASES    WITH    RESPECT    TO    CALORIC. 

The  experiments  of  Mr.  Faraday,  on  the  liquefaction  of 
gaseous  substances,  appear  to  justify  the  opinion  that  gases 
are  merely  the  vapours  of  extremely  volatile  liquids*  Most 
of  these  liquids,  however,  are  so  volatile,  that  their  boiling 
point,  under  the  atmospheric  pressure,  is  lower  than  any 
natural  temperature ;  and  hence  they  are  always  found  in 
the  gaseous  state.  By  subjecting  them  to  great  pressure, 
their  elasticity  is  so  far  counteracted  that  they  become  liquid. 
But  even  when  thus  compressed,  a  very  moderate  heat  is 
sufficient  to  make  them  boil ;  and  on  the  removal  of  pressure 
they  resume  the  elastic  form,  most  of  them  with  such  violence 
as  to  cause  a  report  like  an  explosion,  and  others  with  the 
appearance  of  brisk  ebullition.  An  intense  degree  of  cold  is 
produced  at  the  same  time,  in  consequence  of  caloric  passing 
from  a  sensible  to  an  insensible  state. 

The  process  for  condensing  gases  (Philos.  Trans,  for  1823) 
consists  in  exposing  them  to  the  pressure  of  their  own  atmo- 
spheres. The  materials  for  producing  the  gas  are  put  into 
a  strong  glass  tube,  which  is  afterwards  sealed  hermetically, 
and  bent  in  the  middle,  as  repre- 
sented by  the  figure.  The  gas  is 
generated,  if  necessary,  by  the 
application  of  heat,  and  when  the  pressure  becomes  suffi- 
ciently great,  the  liquid  is  formed  and  collects  in  the  free  end 
of  the  tube,  which  is  kept  cool  to  facilitate  the  condensation. 
Most  of  these  experiments  are  attended  with  danger  from  the 
bursting  of  the  tubes,  against  which  the  operator  must  pro- 
tect  himself  by  the  use  of  a  mask. 

The  pressure  required  to  liquefy  gases  is  very  variable,  as 
will  appear  from  the  following  table  of  the  results  obtained 
by  Mr.  Faraday. 


Sulphurous  acid  gas 

• 

2  atmospheres  at 

46°F. 

Sulphuretted  hydrogen 

gas 

17 

60°F. 

Carbonic  acid  gas 

36 

32^F. 

Chlorine  gas 

4 

60°F. 

Nitrous  oxide  gas 

60 

46°F, 

Cyanogen  gas 

3.6     . 

46°F. 

Ammoniacal  gas 

6.6     . 

60°F. 

Muriatic  acid  gas 

40 

60°F. 

G    2 
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another.  It  has  been  supposed,  from  this  circumstance,  that 
they  are  modifications  of  the  same  agent ;  and  though  most 
persons  r^ard  them  as  independent  principles,  yet  they  are 
certainly  allied  in  a  way  which  is  at  present  quite  inexpli- 
cable. 

There  are  two  kinds  of  light,  natural  and  artificial ;  the 
fonner  proceeding  from  the  sun  and  stars,  the  latter  from 
bodies  which  are  strongly  heated.  The  light  derived  from 
these  sources  is  so  difierent,  that  it  is  necessary  to  speak  of 
them  separately. 

The  solar  rays  come  to  us  either  directly,  as  in  the  case  of 
sunshine,  or  indirectly,  in  consequence  of  being  diffused 
through  the  atmosphere,  constituting  day-light.  They  pass 
freely  through  some  solid  and  liquid  bodies,  hence  called 
transparent,  such  as  glass,  rock-crystal,  water,  and  many 
others,  which,  if  dear  and  in  moderately  thin  layers,  inter- 
cept a  portion  of  light  that  is  quite  inappreciable  when  com- 
pared with  the  quantity  transmitted.  Opaque  bodies,  on 
the  contrary,  intercept  the  rays  entirely,  absorbing  some  of 
them  and  reflecting  others.  In  this  respect,  also,  there  is  a 
dose  analogy  between  light  and  caloric ;  for  every  good 
reflector  of  the  one  reflects  the  other  also. 

Though  transparent  substances  permit  light  to  pass 
through  them,  they  nevertheless  exert  considerable  influence 
upon  it  in  its  passage.  All-the  rays  which  fall  obliquely  are 
refracted,  that  is,  are  made  to  deviate  from  their  original 
direction.  It  was  this  property  of  transparent  media  which 
enabled  Sir  Isaac  Newton  to  discover  the  compound  nature 
of  solar  light,  and  to  resolve  it  into  its  constituent  parts. 
The  substance  commonly  employed  for  this  purpose  is  a 
triangular  piece  of  glass  called  the  prism.  Its  action  depends 
upon  the  different  refrangibility  of  the  seven  coloured  rays 
which  compose  a  colourless  one.  The  violet  ray  suffers  tne 
greatest  refraction,  and  the  red  the  least :  the  other  colours 
of  the  rainbow  lie  between  them,  disposed  in  regular  sue- 
cession  according  to  the  degree  of  deviation  which  they  have 
individually  experienced.  The  coloured  figure  so  produced 
is  called  the  prismatic  spectrum,  which  is  always  bounded 
by  the  violet  ray  on  one  side,  and  by  the  red  on  the  other. 

The  prismatic  colours,  according  to  the  experiments  of 
Sir  W.  Herschel,  difier  in  their  illuminating  power.      Thi 
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proportion  to  the  depth  of  shade.  The  late  Sir  H.  Davy 
has  more  recently  examined  the  subject,  and  arrived  at  the 
same  conclusions. 

The  rays  of  the  prismatic  spectrum  differ  from  one  another 
in  their  heating  power  as  well  as  in  colour.  Their  difference 
in  this  respect  was  first  noticed  by  Herschel,  who  was  in- 
duced to  direct  his  attention  to  the  subject  by  the  following 
circumstance.  In  viewing  the  sun  by  means  of  large  tele- 
scopes through  differently  coloured  darkening  glasses,  he 
sometimes  felt  a  strong  sensation  of  heat  with  very  little 
light,  and  at  other  times  he  had  a  strong  light  with  littie 
heat, — differences  which  appeared  to  depend  on  the  colour 
of  the  glasses  which  he  used.  This  observation  led  to  his 
celebrated  researches  on  the  heating  power  of  the  prismatic 
colours,  which  were  published  in  the  Philosophical  Trans- 
actions for  1800. 

The  experiments  were  made  by  transmitting  a  solar  beam 
through  a  prism,  receiving  the  spectrum  on  a  table,  and 
placing  the  bulb  of  a  very  delicate  thermometer  successively 
in  the  different  parts  of  it.  While  engaged  in  this  inquiry, 
he  observed  not  only  that  the  red  was  the  hottest  ray,  but 
that  there  was  a  point  a  little  beyond  the  red,  altogether  out 
of  the  spectrum,  where  the  thermometer  stood  higher  than  in 
the  red  itself.  By  repeating  and  varying  the  experiment,  he 
discovered  that  the  most  intense  heating  power  was  always 
beyond  the  red  ray,  where  there  was  no  light  at  all ;  and 
that  the  heat  progressively  diminished  in  passing  from  the 
red  to  the  violet,  where  it  was  least.  He  hence  inferred  that 
there  exists  in  the  solar  beam  a  distinct  kind  of  ray,  which 
causes  heat  but  not  light ;  and  that  these  rays,  from  being 
less  refrangible  than  the  luminous  ones,  deviate  in  a  less 
degree  from  their  original  direction  in  passing  through  the 
prism. 

All  succeeding  experiments  confirm  the  statement  of  Sir 
W.  Herschel,  that  the  prismatic  colours  have  very  different 
heating  powers ;  but  they  are  at  variance  with  respect  to  the 
spot  at  which  the  heat  is  greatest.  Some  assert  with  Sir  W. 
Herschd  that  it  is  beyond  the  red  ray ;  while  others,  and  in 
particular  Professor  Leslie,  contend  that  it  is  in  the  red 
itself.  The  observations  of  M.  Seebeck  in  the  Edinburgh 
Journal  of  Science,  I.  368,  appear  decisive  of  the  question. 


^'W^^^'^'^'ftSSHHSS^^S?^'*'***'*"*** 


LIGHT.  89 

Royal  Society.  lo  her  experiments,  sewing  needles  were 
rendered  magnetic  by  exposure  for  two  hours  to  the  violet 
ray  ;  and  the  magnetic  virtue  was  communicated  in  still 
shorter  time,  when  the  violet  rays  were  concentrated  by 
means  of  a  lens.  The  indigo  rays  were  found  to  possess  a 
magnetizing  power  almost  to  the  same  extent  as  the  violet ; 
and  it  was  also  observed,  though  in  a  less  degree,  in  the  blue 
and  green  rays.  It  is  wanting  in  the  yellow,  orange,  and 
red.  Needles  were  likewise  rendered  magnetic  by  the  sun^s 
rays,  transmitted  through  green  and  blue  glass.  These 
results  have  been  verified  by  M.  Zantedeschi  of  Pavia  (Bibl. 
Univ.  for  May  1829);  but  their  accuracy  is  denied  by 
M.  M.  Riess  and  Moser,  who  consider  that  the  means  em- 
ployed by  Mrs.  Somerville  for  ascertaining  the  magnetic 
state  of  the  needles  were  not  sufficiently  exact.  They  found 
the  oscillation  of  needles  to  be  wholly  unaffected  by  expo- 
sure to  the  prismatic  colours.  (Brewster^s  Journal,  II.  225. 
N.S.)  This  must  still  be  regarded,  therefore,  as  one  of  the 
disputed  points  in  science. 

The  second  kind  of  light  is  that  which  is  emitted  by  sub- 
stances when  strongly  heated.  All  bodies  begin  to  emit 
light  when  caloric  is  accumulated  within  them  in  great  quan- 
tity ;  and  the  appearance  of  glowing  or  shining,  which  they 
then  assume,  is  called  incandescence.  The  temperature  at 
which  solids  in  general  begin  to  shine  in  the  dark  is  between 
600^  and  700°  F. ;  but  they  do  not  appear  luminous  in 
broad  daylight  tfll  they  are  heated  to  about  lOOO''.  The 
colour  of  incandescent  bodies  varies  with  the  intensity  of  the 
heat.  The  first  degree  of  luminousness  is  an  obscure  red. 
As  the  heat  augments,  the  redness  becomes  more  and  more 
vivid,  tUl  at  last  it  acquires  a  full  red  glow.  Should  the 
temperature  still  continue  to  increase,  the  character  of  the 
glow  changes,  and  by  degrees  it  becomes  white,  shining  with 
increasing  brilliancy  as  the  intensity  of  the  heat  augments. 
Liquids  and  gases  likewise  become  incandescent  when  stron- 
ly  heated  ;  but  a  very  high  temperature  is  required  to  ren- 
der a  gas  luminous,  more  than  is  suflicient  for  heating  a 
solid  body  even  to  whiteness.  The  different  kinds  of  flame, 
as  of  the  fire,  candles,  and  gas  light,  are  instances  of  incan- 
descent gaseous  matter. 

All  artificial   lights  are  produced  by  the  combustion  or 
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tion.      When   the  phosphorescence  has  ceased  it  may  be 
restored,  and  in  general  for  any  number  of  times,  by  renewed 
exposure   to  sunshine;    and  the  same   effect  may  be  pro- 
duced by  passing  electric  discharges  through  the  phospho- 
rus.    Some  phosphori,  as   apatite  and  clorophane,  do   not 
shine  until  they  are  gently  heated ;  and  yet  if  exposed  to  a 
red  heat,  they  lose  the  property  so  entirely  that  exposure  to 
solar  light  does  not  restore  it.     Mr.  Pearsall  has  remarked 
that  in  these  minerals  the   phosphorescence,   destroyed  by 
heat,  is  restored  by  electric   discharges ;  that  specimens  of 
fluor-spar,  not  naturally  phosphorescent,  may  be  rendered  so 
by  electricity ;  and  that  this  agent  exalts  the  energy  of  natu- 
ral phosphori  in  a  very  r^narkable  degree.     (R.  Inst.  Jour- 
nal, N.  S.  I.) — The  theory  of  these  phenomena,  like  that  of 
light  itself,   is  very  obscure.     They  have  been  attributed 
to  direct  absorption  of  light,  and  its  subsequent  evolution ; 
but  the  fact,  that  the  colour  of  the  light  emitted  is  more  de- 
pendent on  the  nature  of  the  phosphorescent  body  than  on 
the  colour  of  the  light  to  which  it  was  exposed,  seems  incon- 
sistent with  this  explanation.     Chemical  action  is  not  con- 
nected with  the   phenomena;    for  the  phosphori   shine  in 
vmcuOf  and  in  gases  which  do  not  act  on  them,  and  some 
even  under  water. 

Another  kind  of  phosphorescence  is  observable  in  some 
bodies  when  they  are  strongly  heated.  A  piece  of  marble, 
for  example,  heated  to  a  degtee  which  would  only  make  other 
bodies  red,  emits  a  brilliant  white  light  of  such  intensity  that 
the  eye  cannot  support  its  impression. 

A  third  species  of  phosphorescence  is  observed  in  the  bo- 
dies of  some  animals,  either  in  the  dead  or  living  state.  Some 
marine  animals,  and  particularly  fish,  possess  it  in  a  remark- 
able degree.  It  may  be  witnessed  in  the  body  of  the  herring, 
which  begins  to  phosphoresce  a  day  or  two  after  death,  and 
before  any  visible  sign  of  putrefaction  has  set  in.  Sea-water 
is  capable  of  dissolving  the  luminous  matter ;  and  it  is  pro- 
bably from  this  cause  that  the  waters  of  the  ocean  sometimes 
appear  luminous  at  night  when  agitated.  This  appearance 
is  also  ascribed  to  the  presence  of  certain  animalcules,  which, 
like  the  glow-worm  of  this  country,  or  the  fire-fly  of  the 
West  Indies,  are  naturally  phosphorescent. 

Light  is  sometimes  evolved  during  the  process  of  crystalli' 
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light.     It  is  presumed  that  the  first  form  of  caloric  will  not 
prove  a  source  of  error  ;  that  these  rays  are  wholly  inter- 
cepted by  the  outer  case  of  glass  ;  or  that,  should  a  few  pene- 
trate into  the  interior,  they  will  be  absorbed  equally  by  both 
balls,  and  will  therefore  heat  them  to  the  same  extent.     It  is 
probable  that  this  reasoning  is  not  wide  of  the  truth ;  and, 
consequently,  the  photometer  will  give  correct  indications  so 
far  as  regards  the  new  element — non-luminous  caloric.     But 
it  is  not  applicable  to  lights  which  difier  in  colour,  because 
the  relation  between  the  heating  and  illuminating  power  of 
such  lights  is  exceedingly  variable.     Thus,  the  light  emitted 
by  burning  cinders  or  red-hot  iron,  even  after  passing  through 
glass,  contains  a  quantity  of  calorific  rays,  which  is  out  of  all 
proportion  to  the  luminous  ones;  and,  consequently,  they 
may  and  do  produce  a  greater  effect  on  the  photometer  than 
some  lights  whose  illuminating  powers  are  far  stronger. 

The  second  kind  of  photometer  is  on  a  totally  different 
principle.  It  determines  the  comparative  strength  of  lights 
by  a  comparison  of  their  shadows.  This  instrument  was  in- 
vented  by  Count  Rumford,  and  is  described  by  him  in  his 
Essays.  It  is  susceptible  of  great  accuracy  when  employed 
with  the  requisite  care* ;  but,  like  the  foregoing,  its  indica- 
tions cannot  be  trusted  when  there  is  much  di£Perence  in  the 
colour  of  the  lights.  In  this  case,  the  best  mode  of  obtain- 
ing an  approximative  result,  is  by  observing  the  distance 
from  each  light  at  which  any  given  object,  as  a  printed  page, 
ceases  to  be  distinctly  visible.  The  iUuminating  power  of 
the  Ughts  so  compared  is  as  the  squares  of  their  distances. 


SECTION  III. 

ELECTRICITY, 

When  certain  substances,  such  as  amber,  glass,  sealing. 
wax,  or  sulphur,  are  rubbed,  and  then  brought  near  small 
fragments  of  paper,  cork,  or  other  light  bodies,  the  latter 
Hiove  rapidly  towards  the  former,  and  adhere  during  a  longer 
or  shorter  interval  to  their  surface.  If  the  body  which  is 
thus  excited  by  friction  is  light  and  freely  suspended,  it  will 

*  Sm  tn  Eaaay  on  tb«  contraction  of  Coal  Ots  Durnon,  &c.  in  the  Edinburgh 
PbtloMphicml  Jonrnal  for  1806. 
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the  former  belonging  to  glass,  and  the  latter  to  resin.  He 
established  an  excellent  mode  of  distinguishing  them,  by 
finding  that  substances  possessed  of  the  same  kind  of  elec- 
tricity always  repel  each  other ;  and  that  attraction  is  as  uni- 
formly  exerted  between  substances  which  are  in  opposite 
states  of  electrical  excitement. 

Another  fact  of  consequence,  relative  to  the  excitement  of 
electricity  by  friction,  was  discovered  in  1759  by  Mr.  Sym- 
mer,  (Philos.  Trans,  li.  340.)  who  found  that  when  two 
bodies  are  rubbed  together,  both  are  excited,  and  that  one 
always  possesses  vitreous  and  the  other  resinous  electricity. 
This  induced  Symmer  to  modify  the  doctrine  of  the  two  elec- 
tricities. Dufay  conceived  vitreous  electricity  to  be  peculiar 
to  some  substances,  and  resinous  electricity  to  others.  Sym- 
mer, on  the  contrary,  maintained,  that  bodies  in  their  ordi- 
nary unexcited  condition  contain  both  kinds  of  electricity 
in  a  state  of  combination ;  and  as  they  then  neutralize  or 
counteract  each  other^s  effects,  no  electrical  phenomena  are 
apparent ;  that  friction  produces  excitement  by  separating 
the  two  principles  ;  and  that  excitation  continues  until  that 
kind  of  electricity,  which  has  been  withdrawn,  is  restored. 

Dufay^s  doctrine  of  the  two  electricities,  as  modified  by 
Symmer,  is  at  present  extensively  adopted.     Agreeably  to 
this   theory,  as  now  understood,  there  exists   two  electric 
fluids,  both  equally  subtile  and  elastic,  universaUy  diffused 
and  therefore  present  in  all  bodies,  each  highly  repulsive  to 
particles  of  its  own  kind,  and  attractive  to  those  of  an  oppo- 
site nature.     An  unexcited  substance  possesses  both  fluids  in 
an  equal  degree  and  in  a  state  of  combination  ;  whereas  any 
circumstance,  such  as  friction,  contact,  or  chemical  action, 
which  disunites  the  combined  electricities,  and  thereby  occa- 
sions the  whole  or  part  of  a  body  to  have  more  of  one  elec- 
tricity than  of  the  other,  causes  electric  excitement.     The 
repulsion  exerted  among  the  particles  of  each  electricity  to 
thoae  of  its  own  kind  diminishes  as  the  squares  of  the  dis- 
tance ;  and  the  mutual  attraction  of  dissimilar  electricities  is 
r^ulated  by  the  same  law.     This  accounts  for  the  inaction 
of  unexcited  contiguous  bodies :  for,  though  each  electricity 
in  each  body  repels  that  electricity  of  the  same  kind  in  the 
other  with  a  force  varying  as  the  squares  of  the  distance, 
Attraction  to  exactly  the  same  amount  is  exerted  between  the 
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their  natural  quantity  of  electricity,  which  precisely  suffices 
to  saturate  and  neutralize  the  matter  of  which  they  consist. 
They  are  then  electrically  indifferent ;.  because  the  repulsion 
exerted  between  the  electricity  and  matter  of  contiguous 
bodies  is  exactly  counteracted  by  the  attraction  of  the  elec- 
tric fluid  in  each  for  the  matter  of  the  other.  Electrical 
excitement  is  occasioned  eitlier  by  increase  or  diminution 
of  the  natural  quantity  of  electricity.  On  rubbing  a  tube  o£ 
glass  with  a  woollen  cloth,  the  electrical  condition  of  both  is 
disturbed :  the  glass  acquires  more  electricity  than  it  natu- 
ndly  possesses,  or  is  overcharged  with  electric  fluid ;  and  the 
doth,  losing  what  the  glass  gained,  contains  less  than  its  na- 
tural supply,  or  is  under-charged.  These  opposite  states 
are  denoted  by  the  algebraic  terms  positive  and  negative^  the 
former  corresponding  to  the  vitreous,  the  latter  to  the  resin- 
ous dectridty  of  Dufay.  Bodies  positively  excited,  repel 
each  other  by  reason  of  the  repulsion  among  the  particles  of 
the  electricity  with  which  they  are  surcharged;  and  the 
equal  tendency  of  negatively  exdted  bodies  to  separate  is 
ascribed  to  the  mutual  repulsion  among  the  particles  of 
matter.  The  electric  equilibrium  in  excited  substances  is 
restored  by  the  dectricity  escaping  from  those  where  it  is 
in  excess,  and  passing  to  those  where  it  is  defective. 

The  theory  of  Dufay  has  a  manifest  advantage  over  that 
of  Franklin  in  the  simplicity  of  its  postulates,  bdng  found- 
ed soldy  on  the  assumption  of  two  different  fluids,  univer- 
sally diffused,  each  highly  repulsive  to  its  own  particles,  and 
attractive  of  one  another.      The  foundation  of  the  Frank- 
linian  doctrine  is  more  complex,  and  involves  the  assump* 
tioD  of  matter  being  repulsive  to  itself,  or  containing  a  prin- 
ciple which  causes  repulsion,  a  supposition  which  has  been 
thought  at  variance  with  the  laws  of  gravitation,  and  there- 
fore irreconcileable  with  the  known   properties  of  matter. 
The   only  plausible  mode  of  meeting  this  objection  is  by 
supposing  matter,  considered  apart  from  electricity,  to  be 
repulsive  to  its  own  particles ;  but  when  combined  with  the 
dectric    fluid,  as  it  always  is  more  or  less  in  its  ordinary 
state,  that  it  is  subject  to  gravity.     But  though  less  satis- 
factory than  the  other  in  its  basis,  the  theory  of  a  single 
fluid    gives  an  equally   complete  explanation  of  electrical 
phenomena,  and  in  point  of  facility  of  application  is  even 
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communicate  at  one  of  its  extremities  with  the  earth,  the 
dectricity  will  pass  to  it  from  the  opposite  end  in  an  instant, 
even  though  it  were  several  miles  in  length ;  so  that  when 
the  equilibrium  is  disturbed,  it  will  be  at  once  restored  along 
the  whole  wire,  just  as  e£Pectually  as  if  every  point  of  it  com- 
municated with  the  ground.  But  an  excited  stick  of  glass 
or  resin  is  not  affected  in  the  same  manner ;  for  as  electricity 
does  not  obtain  a  free  passage  along  them,  the  equilibrium  is 
restored  in  those  parts  only  which  are  actually  touched.  For 
this  reason  a  non-conductor  of  electricity,  though  held  in  the 
hand,  may  be  readily  excited  ;  but  a  good  conducting  body 
cannot  be  brought  into  that  state,  unless  it  be  insulated^  that 
is,  cut  off  from  communication  with  the  earth  by  means  of 
some  non-^conductor.  This  is  generally  effected  either  by 
supporting  a  body  with  a  handle  of  glass,  or  by  placing  it  on 
a  stool  made  with  glass  feet. 

To  the  class  of  conductors  belong  the  metals,  charcoal, 
plumbago,  water,  and  most  substances  which  contain  water 
in  its  liquid  state,  such  as  animals  and  plants.  The  con- 
ductive power  of  these  substances  is  different.  Of  the  metals, 
according  to  the  experiments  of  Mr.  Harris,  silver  and  cop- 
per are  the  best  conductors  of  electricity ;  and  then  follow 
gold,  zinc,  platinum,  iron,  tin,  and  lead.  (Philos.  Trans,  for 
1837,  Part  I.  21.)  To  the  list  of  non-conductors,  belong 
glass,  resins,  sulphur,  the  diamond,  dried  wood,  precious 
stones,  silk,  hair,  and  wool.  Atmospheric  air  is  also  a  non- 
conductor. If  it  were  not  so,  no  substance  could  retain  its 
electricity  when  surrounded  by  it.  Aqueous  vapour  sus- 
pended in  the  air  injures  the  non-conducting  property  of  the 
latter,  and  hence  electrical  experiments  do  not  succeed  so 
well  when  the  air  is  charged  with  moisture  as  when  it  is  dry. 
The  presence  of  a  little  moisture  communicates  conducting 
properties  to  the  most  imperfect  conductor;  and  hence  it 
is  impossible  to  excite  glass  by  rubbing  it  with  a  moist 
substance. 

A  knowledge  of  the  different  conducting  power  of  bodies 
is  required  for  explaining  some  circumstances  which  appear 
contradictory  to  a  preceding  statement.  It  is  above  men- 
tioned that  when  two  bodies  are  excited  by  friction,  they  are 
rendered  oppositely  electric  ;  but  if  a  tube  of  glass  be  rubbed 
by  a  person  communicating  with  the  ground,  the  glass  will 
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Mr.  Singer  states  that  sealing-wax  is  not  rendered  positive 
by  friction  with  all  metals ; — iron,  steel,  lead,  and  bismuth, 
as  also  plumbago,  leave  it  negative.  Mr.  CavaUo^s  statement 
with  respect  to  white  silk  and  paper  does  not  agree  with  my 
observation.  The  effect  of  white  paper  is  variable ;  but  in  a 
number  of  trials  I  found  that  by  coarse  brown  paper  white 
silk  was  invariably  rendered  positive. 

The  foregoing  remarks  on  the  effects  of  friction  will  render 
intelligible  the  principle  of  the  electrical  machine.  In  the 
time  of  Grey  a  supply  of  electricity  was  obtained  for  experi- 
mental  purposes  by  rubbing  a  glass  tube  with  the  dry  hand. 
Glass  globes  made  to  revolve  by  machinery  were  afterwards 
substituted  for  the  tube,  the  friction  being  at  first  produced 
with  the  hand,  and  subsequently  by  means  of  a  fixed  rubber. 
As  now  constructed,  the  dectrical  machine  is  formed  either 
with  a  cylinder  or  plate  of  glass,  which  is  pressed  during  its 
rotation  by  cushions  stuffed  with  hair.  The  cushion  is 
usually  covered  with  an  amalgam  of  tin  and  zinc,  which, 
partly  by  increasing  the  friction,  and  partly  by  the  oxidation 
of  the  metals,  materially  assists  the  action  of  the  machine. 
The  electricity  developed  on  the  glass  is  conducted  away  by 
an  insulated  bar  of  brass  placed  dose  to  it,  called  the  prime 
conductor^  on  which  it  is  collected  in  considerable  quantity. 
By  this  means  the  electricity  spread  over  the  whole  surface 
of  the  prime  conductor  may  be  carried  off  at  the  same  in- 
stant, and  thus  act  with  far  greater  power  than  if  accumu- 
lated on  glass  or  any  other  imperfectly  conducting  substance. 

The  elect  rid  ty  which  is  so  freely  and  unceasingly  evolved 
during  the  action  of  a  good  electrical  machine,  is  derived 
from  the  great  reservoir  of  electricity,  the  earth.  This  is 
obvious  from  the  fact,  that  if  the  whole  apparatus  be  insu- 
lated, the  evolution  of  electricity  immediately  ceases ;  but 
that  the  supply  is  as  instantly  restored,  when  the  requisite 
communication  with  the  ground  is  re>established.  In  the 
state  of  complete  insulation  the  glass  and  prime  conductor 
are  positive  as  usual,  and  the  rubber  is  negativdy  exdted ; 
but  as  the  electricity  then  developed  is  derived  solely  from 
the  machine  itsdf,  its  quantity  is  exceedingly  small.  When 
the  machine  is  used,  therefore,  the  rubber  is  made  to  com- 
municate with  the  earth.  As  soon  as  friction  is  begun,  the 
glass  becomes  positive,  and  the  rubber  negative ;  but  as  the 
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be  completely  removed  from  the  burning  mafls  at  the 
instant  of  its  formation,  both  are  found  to  be  electrical ;  but 
if,  on  the  contrary,  the  carbonic  acid  subsequently  flows 
over  the  surface  of  the  charcoal,  the  equilibrium  will  in- 
stantly be  restored,  and  of  course  no  sign  whatever  of  excite- 
ment  be  perceptible. 

Another  reputed  source  of  electricity  is  contact  of  dif- 
ferent substances,  especially  of  metals;  a  source  originally 
suggested  by  Yolta,  who  founded  on  it  a  theory  of  galva- 
nism. The  tacts  on  which  Volta  rested  his  opinion  were  of 
this  nature.  Well^leaned  plates  of  zinc  and  copper  were 
furnished  with  glass  handles,  by  which  they  could  be  both 
supported  and  insulated :  the  zinc  plate,  held  by  its  glass 
handle,  was  laid  repeatedly  on  the  copper,  which  at  the  time 
need  not  be  insulated,  and  after  each  contact  the  zinc  was 
made  to  touch  the  instrument,  shortly  to  be  described,  called 
the  eondenter.  A  positive  charge  was  gradually  accumu- 
lated ;  and  on  operating  in  the  same  manner  with  the  insu- 
lated plate  of  copper,  it  was  found  to  communicate  a  nega- 
tive charge*  From  such  experiments  it  was  inferred,  that 
the  contact  of  zinc  and  copper  disturbs  the  electric  equi- 
librium in  both  metals,  the  latter  yielding  electricity  to  the 
former  and  becoming  negative,  while  the  zinc  is  thereby  ren- 
dered positive.  But  the  inference  is  not  free  from  objection. 
In  fact,  so  long  as  contact  continues,  there  is  no  electric 
appearance  whatever ;  and  the  metals  are  assumed  to  be  dif- 
ferently electrified  at  that  timet  in  consequence  of  the  phe- 
nomena which  they  exhibit  after  their  separation.  There  is, 
therefore,  an  obvious  assumption.  But,  on  the  other  hand, 
the  absence  of  the  indications  of  excitement  is  not  conclusive 
against  the  doctrine ;  because,  consistently  with  the  laws  of 
electricity,  the  oppositely  electrical  state  of  the  two  metals, 
while  they  continue  together,  must  counteract  the  effect  to 
which  either  separately  would  give  rise. 

The  excitement  of  electricity  by  contact  has  been  denied 
by  some  philosophers,  and  of  late  this  doctrine  has  been  at- 
tacked by  De  la  Rive  of  Geneva.  (An  de  Ch.  et  Ph.  xxxix. 
997.)  He  there  contends  that  the  phenomena  ascribed  to 
metallic  contact  are  really  due  to  slight  oxidation  produced 
by  moisture  and  the  oxygen  of  the  air  acting  on  the  plate  of 
zinc.     He  has  adduced  experiments  to  prove,  that  if  the 
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from  rivers,  and  the  surface  of  the  earth,  affords  an  instance^ 
as  also  the  chemical  changes  that  attend  the  growth  and 
nutrition  of  plants,  he  regards  as  a  fertile  source  of  the  elec- 
tricity of  the  atmosphere.  (An.  de  Ch.  et  Ph.  xxxv.  401, 
and  xxxvi.  5.) 

Another  cause  of  excitement  is  proximity  to  an  electrified 
body  ;  and  as  the  explanation  of  many  electrical  phenomena 
depends  on  a  knowledge  of  this  fact,  it  is  of  importance  to 
understand  it  clearly.  When  a  substance  excited  positively 
IS  brought  near  another  in  its  natural  state  and  insulated, 
the  electric  equilibrium  of  the  latter  is  instantly  disturbed  ; 
the  parts  nearest  to  the  former  become  negative,  and  the  dis* 
tant  ports  positive.  If  the  body  be  not  insulated,  it  imparts 
electricity  to  the  earth,  and  becomes  negatively  electrical. 
If,  on  the  contrary,  the  exciting  substance  be  negative,  the 
adjacent  parts  of  a  body  in  its  vicinity  become  positive. 
Hence  it  may  be  established  as  a  law,  that  an  electrified  body 
tends  to  produce  in  contiguous  substances  an  electric  state 
opposite  to  its  own.  The  electricity  developed  in  this  way 
is  said  to  be  induced,  or  to  be  excited  by  induction.  The 
movement  of  light  bodies  towards  an  excited  stick  of  sealing* 
wax,  or  glass  tube,  is  accounted  for  on  this  principle.  Thus, 
the  vicinity  of  the  negative  sealing-wax  renders  the  sur- 
rounding objects  positive,  and  therefore  a  mutual  attraction 
is  exerted.  When  the  inside  of  a  glass  bottle  is  rendered 
positive  by  contact  with  the  prime  conductor  of  the  electrical 
machine,  the  outside,  if  in  communication  with  the  earth, 
parts  with  electricity  and  becomes  negative.  Both  surfaces, 
therefore,  are  electrified  and  are  in  opposite  states  ;  and  if  a 
communication  be  established  between  them  by  means  of  a 
good  ooncjuctor,  the  excess  of  electricity  instantly  passes 
along  it,  and  both  sides  of  the  glass  return  to  their  natural 
condition.  That  the  experiment  may  succeed  in  the  most 
perfect  manner,  it  is  necessary  to  cover  the  bottle  externally 
and  internally,  except  to  within  three  or  four  inches  of  its 
summit,  with  tinfoil  or  some  other  good  conductor,  in  order 
that  every  point  of  both  sides  of  the  glass  may  be  brought 
into  communication  at  the  same  moment.  For  without  this 
precaution,  the  electric  equilibrium  of  the  two  surfaces  of 
the  bottle,  owing  to  the  imperfect  conducting  power  of  glass, 
will  be  restored  on  those  points  only  which  are  touched. 
The  apparatus  thus  described  is  much  eiii[)loyed  by  elec 
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plate  B,  which  for  that  purpose  is  placed  close  to  A,  is  ren- 
dered negative  by  induction,  electricity  passing  along  the 
stem  into  the  earth  ;  and,  as  happens  in  the  Leyden  jar,  the 
excitanent  of  B  will  be  proportional  to  that  of  A.  The  ne- 
gative charge  of  B  tends  to  preserve  the  positive  charge  of 
A,  which  will  consequently  receive  electricity  from  any  posi- 
tive surface  without  losing  what  it  had  previously  acquired. 
Thus  is  electricity  accumulated  or  condensed  on  A ;  so  that 
a  substance  too  feebly  excited  to  produce  any  appreciable 
effects  of  itself,  may  by  repeated  contact  with  the  insulated 
plate  of  a  condenser  communicate  a  charge  of  considerable 
intensity.  The  effect  of  the  accumulation  is  made  apparent 
by  withdrawing  B,  and  bringing  A  in  contact  with  a  delicate 
electrometer.  The  condenser  is  much  employed  in  expe- 
riments of  delicacy,  and  the  plate  A  is  often  permanently 
fixed  on  the  gold  leaf  electrometer  invented  by  Bennett. 

The  passage  of  electricity  is  frequently  attended  with  the 
production  of  heat  and  light,  effects  which  invariably  ensue 
when  it  meets  with  an  impediment  to  its  progress,  as  in 
passing  through  an  imperfect  conductor.  The  most  familiar 
illustration  of  this  is  afforded  by  its  passage  through  the  air, 
when  it  gives  rise  to  a  spark  accompanied  with  a  peculiar 
snapping  noise,  if  in  small  quantity ;  or  to  the  phenomena 
of  thunder  and  lightning,  when  it  takes  place  on  a  large 
scale.  On  the  contrary,  it  passes  along  perfect  conductors, 
such  as  the  metals,  without  any  perceptible  warmth  or  light, 
provided  the  extent  of  their  surface  is  in  proportion  to  the 
quantity  of  electricity  to  be  transmitted  by  them ;  but  if  the 
charge  is  too  great  in  relation  to  the  extent  of  the  conducting 
surface,  intense  heat  will  be  produced. 

Electricity  acts  with  surprising  energy  on  the  animal 
system.  When  a  large  quantity  of  the  electric  fluid  passes 
through  the  body,  the  vital  functions  cease  on  the  instant,  as 
is  exemplified  by  the  numerous  accidents  on  record  of  persons 
being  killed  by  lightning.  Even  the  small  quantity  of  elec- 
tricity contained  in  a  Leyden  phial  gives  a  very  powerful 
shock,  exciting  a  sudden  spasm  of  the  muscles  along  which  it 
passes,  so  violent  as  to  produce  a  disagreeable  or  even  painful 
sensation.  The  shock  from  a  large  electrical  battery  is  much 
more  severe,  and  smaller  animals,  such  as  rabbits  and  fowls, 
are  destroyed  by  its  action. 
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which  is  negative.     When  rubbed  on  black  cloth  the  silk  is 
rendered  positive,  and  will  then  of  course  retreat  from  a  sub* 
stance  similarly  electrified,  and  be  attracted  by  one  in  an 
opposite  state.     The  indications  of  the  gold  leaf  electrometer 
are  still  more  delicate.     If  the  leaves  are  diverging  with 
positive  electricity,  the  approach  of  a  positively  excited  body 
to  the  brass  plate  increases  the  divergence;  because  the  elec- 
tric  equilibrium  is  immediately   disturbed,  and  while  the 
plate  becomes  n^ative,  the  gold  leaves  acquire  a  still  greater 
excess  of  electricity.     The  approach  of  a  negatively  excited 
body  would  of  course  be  productive  of  a  change  precisely  op- 
posite, and  the  divergence,  if  produced  by  positive  electricity, 
would  be  diminished,  or  even  entirely  destroyed.     To  pre- 
pare the  dectrometer  for  an  observation,  it  is  however  neces- 
sary to  communicate  to  it  a  known  state  of  excitement.    This 
may  be  done  by  touching  the  electrometer  with  an  electrified 
body,  such  as  an  excited  glass  tube  or  stick  of  sealing-wax, 
when  the  whole  metallic  surface  of  the  electrometer  is  electri- 
fied in  the  same  manner  as  the  substance  by  which  it  was 
touched.    A  more  convenient  method  is  to  conununicate  elec- 
tricity permanently  by  induction.     Thus,  on  placing  a  ne- 
gatively excited  body,  as  for  example  a  stick  of  sealing-wax 
after  friction  on  wooUen  cloth,  near  the  brass  plate  of  the 
electrometer,  the  electric  equilibrium  of  its  whole  metallic 
surface  is  disturbed :  the  brass  plate  becomes  positive,  and 
the   slips   of  gold   leaf  diverge  from  being  negative.     On 
withdrawing  the  sealing-wax,  the  excess  of  electricity  accu- 
mulated on  the  plate  returns  to  the  leaves,  and  the  equili- 
brium is  restored  ;  but  if,  while  the  sealing-wax  is  near  the 
top  of  the  instrument,  the  plate  be  touched  with  the  finger, 
a  portion  of  electricity  is  supplied  to  the  gold  leaves  from  the 
earth,  and  the  divergence  ceases  more  or  less  completely, 
while  the  excess  of  electricity  is  preserved  on  the  plate  by  the 
vicinity  of  the  negative  sealing-wax.     On  removing^r*^  the 
finger,  and  then  the  sealing-wax,  the  brass  is  left  with  an 
excess  of  electricity,  which  extends  over  the  whole  metallic 
surface  of  the  electrometer,  and  thus  produces  a  divergence 
which  continues  for  a  considerable  time  if  the  glass  be  dry, 
and  the  atmosphere  moderately  free  from  moisture. 

The  electrometer  most  frequently  used  for  estimating  the 
intensity  of  electricity  in  ordinary  experiments  is  that  shown 
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to  its  original  position  as  soon  as  the  electric  equilibrium  is 
restored. 

In  some  of  the  preceding  remarks  a  term  has  been  em- 
ployed which  requires  explanation.  By  electric  tension  or 
intensity  is  meant  that  state  of  a  body  which  is  estimated  by 
an  electrometer.  MHien  a  body  acts  feebly  on  the  electro- 
meter its  intensity  is  low,  and  it  differs  but  little  from  its 
natural  state ;  and  on  the  contrary  if  it  affects  the  electro- 
meter powerfully,  its  electric  tension  is  great.  The  higher 
the  intensity  of  a  body,  the  more  is  it  removed  from  its  na- 
tural state,  and  the  greater  its  tendency  to  return  to  an  equi- 
librium. Intensity  is  distinct  from  quantity  of  electricity. 
That  intensity  is  not  dependant  on  quantity  alone,  is  proved 
by  the  fact  that  the  tension  of  a  charged  Leyden  phial  may 
be  equal  to  that  of  a  large  battery  containing  twenty  times 
more  electricity.  The  tension  appears  to  depend  on  the 
quantity  of  electricity  accumulated  or  deficient  on  a  given 
space ;  so  that  the  intensity  of  those  substances  is  greatest, 
which  have  the  greatest  excess  or  deficiency  of  electricity  in 
proportion  to  their  surface. 

This  accounts  for  the  freedom  with  which  electricity  is 
conducted  away  by  pointed  surfaces.  For  the  electricity  ac- 
cumulated on  a  sharp  point,  though  its  quantity  may  be  very 
small,  is  nevertheless  large  compared  with  the  surface :  the 
dectric  tension  of  the  point  is  therefore  very  great ;  and 
hence,  if  positive,  it  gives  off  electricity  to  surrounding  ob- 
jects, and  if  negative  receives  it  from  them  with  extreme 
velocity. 

Electricity  appears  to  diffuse  itseif  over  the  surface  of 
bodies ;  and  the  quantity  contained  on  the  same  substance, 
all  other  circumstances  being  the  same,  depends  on  the  ex- 
tent o(  surface,  and  is  not  connected  with  quantity  of  matter. 
Thus  a  solid  sphere  of  brass  cannot  contain  more  electricity 
than  a  hollow  sphere  of  the  same  diameter. 
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touch  one  another  at  the  will  of  the  operator.  The  wires  may 
even  be  dispensed  with ;  for  the  object  being  to  establish 
metallic  communication  between  the  plates  by  means  of  a 
conductor  which  is  not  covered  by  the  liquid,  it  is  sufficient 
to  incline  the  upper  part  of  the  plates  towards  each  other 
until  they  are  in  contact.  The  employment  of  wires,  how- 
ever, as  shown  in  figure  1,  is  attended  with 
many  advantages  in  conducting  galvanic 
experiments,  and  they  are  therefore  always 
resorted  to;  but  it  must  be  remembered 
that  they  merely  act  as  a  convenient  con- 
ducting material^  without  contributing 
essentially  to  the  result.  The  position  of 
the  arrows  in  this  and  the  other  figures  indicates  the  course 
of  the  electricity. 

The  simple  galvanic  arrangement,  or  circle  as  it  is  often 
called,  remains  in  activity  as  long  as  chemical  action  between 
the  zinc  and  acid  continues.     The  phenomena  which  may 
be  observed  in  the  apparatus  vary  according  as  the  conduct- 
ing wires  do  or  do  not  communicate  with  each  other.     In 
the  former  case  the  circuity  or  coiurse  along  which  the  electric 
current  passes,  is  said  to  be  closed ;  and  in  the  latter  the 
circuit  is  broken  or  interrupted.     Chemical  action  between 
the  add  and  zinc  goes  on  in  both  cases ;  but  the  hydrogen 
evolved  from  water  appears  at  the  surface  of  the  zinc  only, 
if  the  circuit  is  broken,  and  arises  from  both  metals  when  the 
circuit  is  closed.     If  in  the  interrupted  state  of  the  circuit 
the  electric  condition  of  the  wires  is  examined,  that  attached 
to  the  copper  plate  will  be  found  to  be  positive,  and  the  wire 
connected  with  the  zinc  negative.     If  the  wires  are  made  to 
touch   one  another,  their  tension  immediately  ceases;  be- 
cause, as  by  the  contact  of  oppositely  electrified  bodies  in 
general,   the  equilibrium   is    thereby   re-established.     But 
since  the  condition  which  caused  the  excitement  in  the  first 
instance  remains  the  same,  a  continued  developement  of  elec- 
tricity would  be  anticipated ;  and,  accordingly,  the  wires  on 
the  instant  of  separation  are  again  oppositely  electrified,  and 
their  tension  as  instantly  disappears  when  the  circuit  is  again 
dosed.     Hence  it  was  inferred,  that  in  the  closed  circuit  a 
continuous   current  of  electricity  passes  from   the  copper 
plate  to  the  wire  connected  with  it,  is  communicated  by  it 
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which,  starting  from  the  copper,  assumes  a  course  exactly 
opposite. 

These  remarks  will  render  intelligible  several  terms  which 
will  be  employed  in  the  course  of  this  section.     By  the  ex-   y 
pression  positive  wire  or  pole  of  simple  galvanic  circles  is 
always  meant  the  wire  connected  with  the  copper  plate,  and 
by  the  negative  pole  or  wire  that  attached  to  the  plate  of 
zinc.     It  is  likewise  usual  to  speak  of  the  zinc  plate  being 
positive  with  respect  to  the  copper  plate,  and  of  the  latter 
being  n^;ative  with  respect  to  the  former ;  and  in  all  simple 
galvanic  ammgements  that  elanent  which  corresponds  to  the 
zinc  plate  of  the  ordinary  circle,  and  from  which  the  current 
of  electricity  appears  to  set  out,  is  said  to  be  positive  in  rela- 
tion to  the  other  substance  with  which  it  is  associated.     Nor 
does  this  language  appear  inconsistent  with  the  laws  of  elec- 
tricity :  for  the  electric  fluid  could  scarcely  be  given  qffA>y 
the  zinc,  unless  the  surface  so  yielding  it  were  positive ;  nor 
should  it  pass  over  to  the  copper,  unless  the  surface  of  that 
metal  were  n^ative.     It  seems,  indeed,  that  the  zinc,  Uf/Krs 
covered  with  liquid,  becomes  positive  at  the  expense  of  the 
uncovered  portion  and  its  wire;  while  the  wet   surface  of 
copper  is  rendered  negative  by  yielding  its  own  electricity, 
as  well  as  that  which  it  derives  from  the  zinc,  to  the  con- 
ducting wire  to  which  it  is  attached. 

Simple  galvanic  circles  may  be  formed  in  various  ways 
and  of  various  materials ;  but  the  combinations  usually  em- 
ployed consist  either  of  two  perfect  and  one  imperfect  con- 
ductor of  electricity,  or  of  one  perfect  and  two  imperfect 
conductors.  The  substances  included  under  the  title  of 
perfect  conductors  are  metals  and  charcoal,  and  the  imper- 
fect conductors  are  water  and  aqueous  solutions.  It  is  essen- 
tial to  the  operation  ot  the  first  kind  of  circle,  that  the  im- 
perfect conductor  act  chemically  on  one  of  the  metals ;  and 
in  case  of  its  attacking  both,  the  action  must  be  greater  on 
one  metal  than  on  the  other.  It  is  likewise  found  generally, 
if  not  universally,  that  the  metal  most  attacked  is  positive 
with  respect  to  Uie  other,  or  bears  to  it  the  same  relation  as 
zinc  to  copper  in  the  ordinary  circle.  The  late  Sir  H.  Davy, 
in  his  Bakerian  Lecture  for  1896  (Phil.  Trans.),  has  given 
the  following  list  of  the  first  kind  of  arrangements,  the  im- 
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alkaline  solution,  and  connect  the  two  vessels  by  a  few 
threads  of  amianthus  or  cotton  moistened  with  a  solution  of 
salt.  A  similar  combination  may  be  disposed  in  this  order. 
Let  one  disc  of  copper  be  placed  on  a  piece  of  glass  or  dry 
wood,  on  its  upper  surfiekce  lay  in  succession  three  pieces  of 
flannel,  the  first  moistened  with  dilute  acid,  the  second  with 
solution  of  salt,  and  the  third  with  sulphuretted  alkali,  and 
then  cover  the  last  with  the  other  disc  of  copper. 

The  use  of  metallic  bodies  is  not  essential  to  the  produc* 
tion  of  galvanic  phenomena.  Combinations  have  been  made 
witii  layers  ot  charcoal  and  plumbago,  of  slices  of  muscle 
and  brain,  and  of  beet  root  and  wood ;  but  the  force  of  these 
circles,  though  accumulated  by  the  union  of  numerous  pairs, 
is  extremely  feeble,  and  they  are  very  rarely  employed 
in  practice. 

Of  the  simple  galvanic  circles  just  described,  tiie  only  one 
used  for  ordinary  purposes  is  that  composed  of  a  pair  of  zinc 
and  copper  plates  excited  by  an  acid  solution.  The  form 
and  size  of  the  apparatus  are  exceedingly  various.  Instead 
of  actually  immersing  the  plates  in  the  solution,  a  piece  of 
moistened  cloth  may  be  placed  between  them.  Sometimes 
the  copper  plate  is  made  into  a  cup  for  containing  the  liquid, 
and  the  zinc  is  fixed  between  its  two  sides,  as  shown  by 
the  accompanying  transverse  vertical  section,  ^^S*  ^' 

figure  2 ;  care  being  taken  to  avoid  actual 
contact  between  the  plates  by  interposing 
pieces  of  wood,  cork,  or  other  imperfect  con* 
ductor  of  electricity.  Another  contrivance, 
which  is  much  more  convenient,  because  the 
sine  may  be  removed  at  will  and  have  its  surface  cleaned,  is 
that  represented  by  the  annexed  wood-cut.  (Fig.  3.)  G  is  a 
cup  made  with  two  cylinders  of  sheet  copper,  of  unequal  size, 
placed  one  within  the  other, 
and  soldered  together  at  bot^ 
tcHn,  so  as  to  leave  an  interme- 
diate space  a  aa^  for  contain- 
ing  the  zinc-cylinder  Z  and 
the  acid  solution.  The  small 
copper  cups  b  b  are  useful  ap- 
poidages ;  for  by  filling  them 


should  be  contained  in  a  frame  formed  of  glass  pillars  fixed 
into  a  piece  of  thick  dry  wood,  by  which  it  is  both  Bup- 
ported  and  insulated.  Any  number  of  these  piles  may  be 
made  to  act  in  concert  by  establishing  metallic  ctMnmunica- 
tion  between  one  pole  of  each  pile  wit^  the  opposite  pole  of 
the  pile  immediately  fc^wlng. 

The  Voltaic  pile  is  now  rarely  employed,  because  we 
possess  other  modes  of  forming  galvanic  combinations  which 
are  far  more  powerful  and  convenient.  The  galvanic  bat- 
tery, proposed  by  Mr.  Cruickshank,  consists  of  a  trough  of 
baked  wood,  about  thirty  inches  long,  in  which  are  placed  at 
equal  distances  fifty  pairs  of  zinc  and  copper  plates  pre- 
viously soldered  together,  and  so  arranged  that  the  same 
metal  shall  always  be  on  the  same  side.  £ach  pair  is  fixed 
in  a  groove  cut  in  the  aides  and  bottom  of  the  box,  the  points 
of  junction  bdng  made  water-tight  by 
cement.       The    apparatus    thus   con-  * 

structed  ia  always  ready  for  use,  and  is 
brought  into  action  by  filling  the  cells 
left  between  the  pairs  of  plates  with 
some  convenient  solution,  which  serves 
the   same  purpose    as    the  moistened 

doth  in  the  pile  of  Volta.     By  means  ■• - 

of    the    accompanying   wood-cut    the 
mode  in  which  the  plates  are  arranged  will  easily  be  un- 
derstood. 

Other  modes  of  combination  are  now  in  use,  which  facili- 
tate the  employment  of  the  galvanic  apparatus  and  increase 
its  energy.  Most  of  these  may  be  regarded  as  modifications 
of  the  Couronne  de  Tosses.  In  this  apparatus  the  exciting 
solution  is  contained  in  separate  cups  or  glasses,  disposed 
circularly  or  in  a  line ;  each  glass  contains  a  pair  of  plates  ; 
and  each  zinc  plate  is  attached  to  the 
copper  of  the  next  pair  by  a  metallic 
wire,  as  represented  in  the  figure. 
(Fig.  6.)  Instead  of  glasses,  it  is 
more  convenient  in  practice  to  em- 
ploy a  trough  of  baked  wood  or 
glazed  earthen-ware,  divided  into  se- 
parate cells  by  partitions  of  the  same  material ;  and  in  order 
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difloovery  which  has  at  once  extended  so  much  the  bounds  of 
chemical  science,  and  conferred  immortal  honour  on  the  name 
of  the  discoverer. 

The  electrical  phenomena  of  compound  galvanic  arrange- 
ments are  similar  to  those  of  the  simple  circle.  The  poles  in 
the  broken  circuit  are  oppositely  excited  ;  and  in  the  closed 
circuit  an  electric  current  passes  through  the  apparatus  and 
over  the  conductors  as  long  as  chemical  action  continues. 
The  direction  of  the  current  appears  at  first  view  to  be  dif- 
ferent from  that  of  the  simple  circle;  for  the  extremity 
which  terminates  with  a  copper  plate  is  negative,  the  electri* 
dty  passes  from  it  through  the  battery  itself  towards  the  last 
sine,  which  is  positive,  and  thence  along  the  conducting 
wires  to  the  last  copper-plate.  (Figs.  4,  5,  and  6.)  It  is 
hence  customary,  in  reference  to  the  compound  circle,  to 
speak  of  the  zinc  and  positive  pole  as  identical ;  whereas  the 
wire  connected  with  the  zinc  plate  in  the  simple  circle  is 
negative.  But  the  difference  is  rather  apparent  than  real, 
and  arises  from  the  compound  galvanic  circle  being  termi- 
nated by  two  superfluous  plates,  which  are  not  essential  to 
the  result.  This  will  more  fully  appear  in  the  course  of  the 
following  remarks. 

THEORIES    OF   GALVANISM. 

Of  the  theories  proposed  to  account  for  the  developement 
of  electricity  in  galvanic  combinations,  three  in  particular 
have  attracted  the  notice  of  philosophers.  The  first  origi- 
nated with  y olta,  who  conceived  that  electricity  is  set  in 
motion,  and  the  supply  kept  up^  solely  by  contact  or  commu- 
nication between  the  metals.  (Page  103.)  He  regarded  the 
interposed  solutions  merely  as  conductors,  by  means  of  which 
the  electricity  developed  by  each  pair  of  plates  is  conveyed 
from  one  part  of  the  apparatus  to  the  other.  Thus  in  the 
pile  or  ordinary  battery,  represented  by  the  following  series, 


-f-    nnc  copper    fluid    uoc  copper    fluid     zinc  copper    — 

Volta  considered  that  contact  between  the  metals  occasions 
the  zinc  in  each  pair  to  be  positive,  and  the  corresponding 
copper  plate  to  be  negative ;  that  the  positive  zinc  in  each 
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the  eflPect  was  not  owing  to  electricity  at  all,  but  to  the 
stimulus  of  the  metallic  oxide  formed,  or  of  the  heat  evolved 
during  its  production.  More  extended  researches  soon 
proved  the  fallacy  of  this  doctrine ;  but  Fabroni  made  a 
most  ingenious  use  of  the  facts  within  his  knowledge,  and 
paved  the  way  to  the  chemical  theory  of  Wollaston. 

The  late  Dr.  Wollaston,  fully  admitting  electricity  as  the 
galvanic  agent,  assigned  chemical  action  as  the  cause  by 
which  it  is  excited.  The  repetition  and  extension  of  Volta^s 
experiments  by  the  English  chemists,  speedily  detected  the 
error  he  had  committed  in  overlooking  the  chemical  pheno* 
mena  which  occur  within  the  pile.  It  was  observed  that  no 
sensible  effects  are  produced  by  a  combination  of  conductors 
which  do  not  act  chemically  on  each  other  ;  that  the  action 
of  the  pile  is  always  accompanied  by  the  oxidation  of  the 
zinc ;  and  that  the  energy  of  the  pile  in  general  is  propor- 
tional to  the  activity  with  which  its  plates  are  corroded. 
Observations  of  this  nature  induced  Dr.  Wollaston  to  con- 
clude that  the  process  begins  with  the  oxidation  of  the  zinc, 
—that  the  oxidation  is  the  primary  cause  of  the  developement 
of  electricity ;  and  he  published  several  ingenious  experi- 
ments in  the  Philosophical  Transactions  for  1801  in  support 
of  his  opinion. 

Recent  researches,  which  have  decisively  established  the 
important  fact  of  electricity  being  freely  developed  by  che- 
mical action,  (page  102)  have  added  additional  force  to  the 
arguments  of  Wollaston.  The  experiments  of  De  la  Rive  in 
particular  appear  altogether  irreconcUeable  with  the  theory  of 
Volta.  (An.  de  Ch.  et  Ph.  xxxviii.  225.)  This  ingenious 
philosopher  contends  that  the  direction  of  a  galvanic  current 
is  not  determined  by  metallic  contact,  nor  even  by  the  nature 
of  the  metals  relatively  to  each  other,  but  by  their  chemical 
relation  to  the  exciting  liquid.  As  the  general  result  of  his 
inquiries  he  states,  that  of  two  metals  composing  a  galvanic 
circle,  that  one,  which  is  most  energetically  attacked,  will  be 
positive  with  respect  to  the  other.  Thus  when  tin  and  cop- 
per are  placed  in  acid  solutions,  the  former,  which  is  most 
rapidly  corroded,  gives  a  current  towards  the  copper,  as  the 
zinc  does  in  the  common  circle ;  but  if  they  are  put  into  a 
solution  of  ammonia,  which  acts  most  on  the  copper,  the  di- 
rection of  the  current  will  be  reversed.     Copper  is  positive  in 
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to  question  the  fact  originally  stated  by  Volta,  that  the  elec- 
tric equilibrium  is  disturbed  by  the  contact  of  different  sub- 
stances without  any  chemical  action   taking  place  between 
them.      He  acknowledged,   however,    with   Dr.  Wollaston, 
that  the  chemical  changes  contribute  to  the  general  result ; 
and  maintained  that,  though  not  the  primary  cause  of  the 
phenomenon,  they  are  so  far  essential,   that  without  such 
changes  the  galvanic  excitement  can  neither  be  considerable 
in  degree,  nor  of  long  duration.     In  his  opinion  the  action  is 
commenced  by  the  contact  of  the  metals,  and  kept  up  by  the 
chemical  phenomena. 

The  mode  in  which  Sir  H.  Davy  conceived  that  the  che- 
mical changes  act,  is  by  restoring   the  electric  equilibrium 
whenever  it  is  disturbed.     By  the  contact  of  the  zinc  and 
copper  plates,  the  former  is  rendered  positive  throughout  the 
whole  series,  and  the  latter  negative ;  and  by  means  of  the 
conducting  fluid  with  which  the  cells  are  filled,  the  electri- 
city  accumulates  on  one  side  of  the  battery,  and  the  other 
becomes  as  strongly  negative.     But  the  quantity  of  electri- 
city, thus  excited,  would  not  be  sufficient,  as  is  maintained, 
for  causing  energetic  action.     For  this   e£Pect,   the  electric 
equilibrium  of  each  pair  of  plates  must  be  restored  as  soon 
as  it  is  disturbed,  in  order  that  they  may  be  able  to  furnish 
an  additional  supply  of  electricity.    The  chemical  substances 
of  the  solution  are  supposed  to  effect  that  object  in  the  fol- 
lowing manner.     The  negative  ingredients  of  the  liquid, 
such  as  oxygen  and  the  acids,  pass  over  to  the  zinc ;  while 
the  hydrogen  and  the  alkalies,  which  are  positive,  go  to  the 
copper ;  in  consequence  of  which,  both  the  metals  are  for  the 
moment  restored  to  their  natural  condition.     But  as  the  con- 
tact between  them  continues,  the  equilibrium  is  no  sooner 
restored  than  it  is  again  disturbed ;  and  when,  by  a  continu- 
ance of  the  chemical  changes,  the  zinc  and  copper  recover 
their  natural  state,  electricity  is  again  developed  by  a  conti- 
nuance of  the  same  condition  by  which  it  was  excited  in  the 
first  instance.     In  this  way  Sir  H.  Davy  explained  why  che- 
mical action,  though  not  essential  to  the  first  developement 
of  electricity,  is  necessary  for  enabling  the  Voltaic  apparatus 
to  act  with  energy. — It  is  obvious  that  the  facts  above  ad- 
duced in  opposition  to  the  theory  of  V olta,  apply  also  to  that 
of  Sir  H.  Davy. 
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brought  near  each  other,  a  spark  is  seen  to  pass  between 
them ;  and  on  establishing  the  communication  by  means  of 
the  hands  previously  moistened,  a  distinct  shock  is  perceived. 
These  eflPects  are  rendered  more  conspicuous  by  connecting 
one  of  the  wires  with  the  inner  smface,  and  the  other  with 
the  outside  of  a  Leyden  phial  or  battery,  when  successive 
charges  will  be  received,  by  means  of  which  all  the  ordinary 
electrical  experiments  may  be  exhibited.  On  connecting  the 
opposite  ends  of  a  sufficiently  powerful  battery  by  means  of 
fine  metallic  wires  or  slender  pieces  of  charcoal,  these  con- 
ductors become  intensely  heated,  the  wires  even  of  the  most 
refractory  metals  are  fused,  and  a  vivid  white  light  appears 
at  the  points  of  the  charcoal,  equal  if  not  superior  in  intensity 
to  that  emitted  during  the  burning  of  phosphorus  in  oxygen 
gas ;  and  as  this  phenomenon  takes  place  in  an  atmosphere 
void  of  oxygen,  or  even  under  the  surface  of  water,  it  mani- 
festly cannot  be  ascribed  to  combustion.  If  the  communi- 
cation be  established  by  metallic  leaves,  the  metals  burn  with 
vivid  scintillations.  Gold  leaf  bums  with  a  white  light 
tinged  with  blue,  and  yields  a  dark-brown  oxide;  and  the 
light  emitted  by  silver  is  exceedingly  brilliant,  and  of  an 
emerald  green  colour.  Copper  emits  a  bluish  white  light 
attended  with  red  sparks,  lead  a  beautiful  purple  light,  and 
zinc  a  brilliant  white  light  inclining  to  blue,  and  fringed 
with  red.  (Singer.)  The  properties  above  enumerated  na- 
turally gave  rise  to  the  belief,  that  the  agent  or  power  excited 
by  the  Voltaic  apparatus  is  identical  with  that  which  is 
called  into  activity  by  the  electrical  machine  ;  and  the  argu- 
ments in  favour  of  this  opinion  are  quite  satisfactory.  For 
not  only  may  all  the  common  electrical  experiments  be  per- 
formed by  means  of  galvanism  ;  but  it  has  been  shown  by  Dr. 
Woliaston,  (Phil.  Tr.  for  1801)  that  the  chemical  effects  of 
the  galvanic  battery  may  be  produced  by  electricity. 

The  conditions  required  for  producing  the  electrical  effects 
of  the  Voltaic  battery  are  different.  Some  phenomena  are 
dependent  altogether  on  the  electric  intensity  of  the  appa- 
ratus ;  for  others  both  quantity  and  intensity  are  essential ; 
and  for  the  production  of  other  effects  the  passage  of  a  large 
quantity  of  electricity  is  alone  required.  The  electric  ten- 
sion of  a  battery  depends  chiefly  on  the  number  of  the  series, 
and  comparatively  little  either  on  the  size  of  the  plates,  or 
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acid  18  applicable  ;  or  for  the  sake  of  economy,  a  mixture  of 
one  part  of  nitric  to  two  parts  of  sulphuric  acid  may  be  sub- 
stituted for  pure  nitric  acid.  The  large  battery  of  Mr. 
Children,  though  capable  of  fusing  several  feet  of  platinum 
wire,  bad  an  electric  tension  so  feeble,  that  it  did  not  affect 
the  gold  leaves  of  the  electrometer,  gave  a  shock  scarcely 
perceptible  even  when  the  hands  were  moist,  communicated 
no  charge  to  a  Leyden  phial,  and  could  not  produce  chemical 
decomposition. 

II.  The  chemical  agency  of  the  Voltaic  apparatus,  to 
which  chemists  are  indebted  for  their  most  powerful  instru- 
ment o£  analysis,  was  discovered  by  Messrs.  Carlisle  and 
Nicholson,  soon  after  the  invention  was  made  known  in  this 
country.  The  substance  first  decomposed  by  it  was  water. 
When  two  gold  or  platinum  wires  are  connected  with  the 
opposite  poles  of  a  battery^  and  their  free  extremities  are 
plunged  into  the  same  cup  of  water,  but  without  touching 
each  other,  hjdrogen  gas  is  -disengaged  at  the  negative  wire, 
and  oxygen  at  the  positive  side.  By  collecting  the  gases  in 
separate  tubes  as  they  escape,  they  are  found  to  be  quite 
pure,  and  in  the  exact  proportion  of  two  measures  of  hydro^ 
gen  to  one  of  oxygen.  When  wires  of  a  more  oxidable  metal 
are  employed,  the  result  is  somewhat  different.  The  hydro- 
gen gas  appears  as  usual  at  the  negative  pole  ;  but  the  oxy- 
gen, instead  of  escaping,  combines  with  the  metal,  and  con- 
verts it  into  an  oxide. 

This  important  discovery  led  many  able  experimenters  to 
make  similar  trials.  Other  compound  bodies,  such  as  acids 
and  salts,  were  exposed  to  the  action  of  galvanism,  and  all 
of  them  were  decomposed  without  exception,  one  of  their 
elements  appearing  at  one  side  of  the  battery,  and  the  other 
at  its  opposite  extremity.  An  exact  uniformity  in  the  cir- 
cumstances attending  the  decomposition  was  also  remarked. 
Thus,  in  decomposing  water  or  other  compounds,  the  same 
kind  of  body  was  always  disengaged  at  the  same  side  of  the 
battery.  The  metals,  inflammable  substances  in  general,  the 
alkalies,  earths,  and  the  oxides  of  the  common  metals,  were 
found  at  the  negative  pole  ;  while  oxygen,  chlorine,  and  the 
acids,  went  over  to  the  positive  surface. 

In  performing  some  of  these  experiments,  Sir  H.Davy  ob- 
served, that  if  the  conducting  wires  were  plunged  into  sepa- 
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pewed  at  the  positire  pole.  Muriatic  and  nitric  acids  were 
in  like  manner  made  to  pass  through  strong  alkaline  solu- 
tions ;  and  on  reversing  the  experiment,  alkalies  were  tranB- 
mitted  directly  through  acid  liquids  without  entering  into 
combination  with  them. 

The  analogy  between  the  preceding  phenomena  and  the 
attractions  and  repulsions  exerted  by  ordinary  electricity  is 
too  close  to  escape  observation.     If  an  add  or  an  alkali  pass 
from  one  Tessel  to  another  in  opposition  to  gravity  and  che- 
mical affinity,  it  is  clear  that  this  singular  phenomenon  must 
arise  frmn  the  substance  so  transferred  being  under  the  in- 
fluence of  a  still  stronger  attraction ;  and  the  only  power  to 
which  such  an  effect  can  in  the  present  case  be  attributed, 
is  electricity.     Now,  in  all  instances  of  common  electrical 
attraction,  the  bodies  attract  one  another  in  consequence  of 
bdng  in  opposite  states  of  excitement ;  and  in  like  manner, 
the  tendency  of  acids  towards  the  zinc,  and  of  alkalies  to- 
wards the  copper  extremity  of  the  Voltaic  apparatus,  caii  be 
explained,  consistently  with  our  present  knowledge,  only  on 
the  supposition  that  the  former  are  negatively,  and  the  latter 
positively  electric,  at  the  moment  of  being  separated  from 
one  another.     To  account  for  the  elements  of  compounds 
being  in  such  a  state,  a  peculiar  hypothesis  was  advanced  by 
Sir  H.  Davy,  which  has  received  the  appellation  of  the  elec- 
trthchemical  theory ,  and  has  been  adopted  by  several  philoso- 
phers, especially  by  Berzelius.     This  theory  was  first  deve^ 
loped  by  its  author  in  1807  in  his  essay  on  Some  Chemical 
Agencies  of  Electricity^  and  he  gave  an  additional  explana^ 
tion  of  his  views  in  the  Bakerian  Lecture  for  1826.     Some 
parts  of  the  doctrine  are  unfortunately  expressed  in  a  man- 
ner somewhat  obscure,  and  this  circumstance  has  given  rise 
to  acddental  misrepresentation  ;  but  a  careful  perusal  of  Sir 
H.  Davy^s  essays  induces  me  to  hope,  that  the  following  is  a 
correct  statement  of  his  opinions. 

Acting  on  the  opinion  of  Volta,  that  metallic  contact  is  an 
exciter  of  electricity.  Sir  H.  Davy  extended  a  similar  inquiry 
into  the  effects  of  contact  on  other  bodies.  He  observed 
that  a  dry  alkali  or  alkaline  earth  is  excited  positively  by 
contact  with  a  metal,  and  that  dry  acids  after  having  touched 
a  metal  are  negative ;  and  he  further  found  that  acids  and 
alkalies  in  their  dry  state  excite  each  other,  the  former  after 
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tides  of  bodies  do  become  electric  by  contact,  or  that  they 
retain  their  opposite  electricities  when  combined.  Even  were 
these  points  established,  it  would  not  necessarily  follow  that 
chemical  affinity  is  identical  with  electrical  attraction.  Be- 
sides, it  has  not  been  fully  proved,  that  the  chemical  agency 
of  the  Voltaic  apparatus  depends  on  electrical  attraction  and 
repulsion.  The  theory  does  not  yet  stand  on  so  firm  a  basis 
as  to  induce  chemists  to  abandon  the  nomenclature  they 
have  hitherto  employed,  and  cease  to  regard  affinity  as  a  dis- 
tinct species  of  attraction.  But  at  the  same  time  it  must  be 
admitted,  that  the  electro-chemical  theory  is  founded,  as  all 
theoretical  views  ought  to  be,  on  extensive  observation  and 
numerous  facts;  that  it  supplies  chemists  with  a  principle 
capable  of  accounting  for  the  phenomena  ascribed  to  affi- 
nity ;  and  affords  a  consistent  explanation  of  the  chemical 
agencies  of  the  Voltaic  apparatus.  Experience  has  shown 
that  it  is  a  safe  guide  in  experimental  research,  and  it  has 
the  unquestionable  merit  of  having  led  to  one  of  the  most 
brilliant  discoveries  ever  made  in  chemistry.  Regarding 
all  compounds  as  constituted  of  oppositely  electrical  ele- 
ments. Sir  H.  Davy  conceived  that  none  of  them  should 
resist  decomposition,  if  exposed  to  a  battery  of  sufficient 
intensity ;  and  he  accordingly  subjected  to  galvanic  action 
substances  which  till  then  had  been  regarded  as  simple, 
expecting  that  if  they  were  compound,  they  would  be 
resolved  into  their  elements.  The  result  exceeded  expecta- 
tion. The  alkalies  and  earths  were  decomposed ;  a  substance 
with  the  aspect  and  properties  of  a  metal  appeared  at  the 
negative  pole,  while  oxygen  gas  was  disengaged  at  the  posi- 
tive surface.     (Phil,  Trans,  for  1808.) 

The  same  views  have  been  applied  with  considerable  suc- 
cess on  a  very  recent  occasion.  It  has  been  long  known  that 
the  copper  sheathing  of  vessels  oxidizes  very  readily  in  sea 
water,  and  consequently  wastes  with  such  rapidity  as  to  re- 
quire frequent  renewal.  Sir  H.  Davy  observed  that  the  cop- 
per derived  its  oxygen  from  atmospheric  air  dissolved  in  the 
water,  and  that  the  oxide  of  copper  then  took  muriatic  acid 
from  the  soda  and  magnesia,  forming  with  it  a  submuriate  of 
the  oxide  of  copper.  Now  if  the  copper  did  not  oxidize,  it 
could  not  combine  with  muriatic  acid  ;  and  according  to  Sir 
H.  Davy,  it  only  combines  with  oxygen,  because  by  contact 
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other  matters.  It  is  hoped  that  by  duly  adjusting  the  pro- 
portion of  iron  and  copper,  a  certain  degree  of  corrosion  may 
be  allowed  to  occur,  sufficient  to  prevent  the  adhesion  of 
foreign  bodies,  and  yet  materially  to  retard  the  waste  of  the 
copper ;  but  the  attempts  to  accomplish  so  desirable  an  object 
have  not  yet  been  altogether  successful. 

These  principles  may  be  usefully  applied  on  other  occa- 
sions. One  obvious  application  of  the  kind,  suggested  by 
Mr.  Pepys,  is  to  preserve  iron  or  steel  instruments  from  rust 
by  contact  with  a  piece  of  zinc.  The  iron  or  steel  is  thereby 
rendered  negative ;  while  the  zinc,  being  positive,  is  oxidized 
with  increased  rapidity. 

It  was  to  the  singular  facts  which  have  just  been  detailed 
that  I  formerly  alluded,  when  speaking  of  the  developement 
of  electricity  by  metallic  contact.  Though  I  entirely  believe 
that  metallic  contact  goes  for  nothing  in  exciting  ordinary 
galvanic  combinations,  and  though  it  appears  established 
that  the  mere  contact  of  a  zinc  and  copper  plate  does  not 
cause  those  metals,  when  separated,  to  evince  any  electrical 
property ;  yet,  when  we  reflect  on  the  phenomena  of  Deluc^s 
column, — on  the  intimate  or  rather  necessary  connection  be- 
tween the  developement  of  electricity  by  contact  and  the 
electro-chemical  theory,  by  which  theory  alone  have  the 
chemical  effects  of  galvanism  been  adequately  explained,-— 
and  on  the  increased  tendency  to  chemical  change  produced 
on  some  substances  by  the  mere  contact  of  others, — when  all 
these  circumstances  are  conjointly  considered,  it  is  difScult  to 
avoid  the  conviction  that  contact  between  the  masses  and 
atoms  of  different  bodies  is  one  cause  by  which  the  electric 
equilibrium  may  be  disturbed. 

The  electro-chemical  theory  furnishes  a  scientific  prin- 
ciple, by  which  chemical  substances  may  be  arranged.  Ac- 
cording to  the  method  suggested  by  this  doctrine,  bodies  are 
divided  into  groups  accordingly  as  their  natural  electric 
energies  are  the  same  or  different.  By  the  term  natural  elec- 
tric energy  is  not  meant  that  a  substance,  considered  singly, 
naturally  possesses  ome  kind  of  excitement  rather  than  ano- 
ther ;  but  that  by  its  nature  it  is  disposed,  from  contact  with 
other  bodies,  to  assume  one  particular  electrical  state  rather 
than  the  other.  Thus  oxygen  is  called  a  negative  electric, 
because  it  is  negatively  excited  by  other  bodies ;  whereas  the 
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For  exhihitiiig  the  chemical  agency  of  galTanism,  a  oom- 
bination  of  quantity  and  intensity  is  jnequired.  The  larger 
of  the  two  immense  batteries  constructed  by  Mr.  Children 
had  scarcely  any  power  in  effecting  chemical  decomposition ; 
and  a  series  of  numerous  small  plates  charged  with  wato*, 
and  capable  of  acting  powerfully  on  the  electrometer,  decom- 
poses water  very  feebly.  The  most  appropriate  apparatus 
for  chemical  purposes,  is  one  made  with  a  considerable  num- 
ber of  plates  of  four  or  six  inches  square.  An  acid  scduticMi 
should  be  employed  for  exciting  the  battery,  and  its  strength 
be  such  as  to  cause  a  moderate,  long-4»ntinued  action, 
rather  than  a  violent  one  of  short  duration.  Any  of  the 
stronger  acids,  such  as  the  nitric,  sulphuric,  or  muriatic, 
may  be  used  with  this  intention ;  but  the  last,  according  to 
Mr.  Singer,  produces  the  most  permanent  effect,  and  is 
therefore  preferable.  The  proportion  should  be  one  part  of 
acid  to  about  14  or  20  parts  of  water :  or  if  the  saries  is  ex- 
tensive, the  acid  may  be  stiU  further  diluted  with  adyantage. 
The  chemical  agency  of  a  battery  increases  with  the  number 
of  plates :  Ouy-Lussac  and  Thenard,  in  their  RecAerckes 
Physico^Chimiquesj  judging  from  the  quantity  of  hydrogen 
disengaged  by  different  batteries  in  equal  times,  consider  the 
decomposing  power  to  be  prcqportional  to  the  cube  root  of 
the  number  of  plates ;  and  Dr.  Ritchie  has  lately  found  it 
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direction  of  which  depends  upon  the  relative  position  of  the 
needle  and  the  wire.  On  placing  the  wire  above  the  magnet 
and  parallel  to  it,  the  pole  next  the  negative  end  of  the  bat- 
tery always  moves  westward ;  and  when  the  wire  is  placed 
under  the  needle,  the  same  pole  goes  towards  the  east.  If 
the  wire  is  on  the  same  horizontal  plane  with  the  needle,  no 
declination  whatever  takes  place ;  but  the  magnet  shows  a 
disposition  to  move  in  a  vertical  direction,  the  pole  next  the 
negative  side  of  the  battery  being  depressed  when  the  wire  is 
to  the  west  of  it,  and  elevated  when  it  is  placed  on  the  east 
side. 

The  extent  of  the  declination  occasioned  by  a  battery  de- 
pends upon  its  power,  and  the  distance  of  the  connecting 
wire  from  the  needle.  If  the  apparatus  be  powerful,  and 
the  distance  small,  the  declination  will  amount  to  an  angle 
of  45°.  But  this  deviation  does  not  give  an  exact  idea  of  the 
real  eifect  which  may  be  produced  by  galvanism ;  for  the 
motion  of  the  magnetic  needle  is  counteracted  by  the  magne- 
tism of  the  earth.  When  the  influence  of  this  power  is  de- 
stroyed by  means  of  another  magnet,  the  needle  will  place 
Itself  directly  across  the  connecting  wire ;  so  that  the  real 
tendency  of  a  magnet  is  to  stand  at  right  angles  to  an  elec- 
tric current. 

The  communicating  wire  is  also  capable  of  attracting  and 
repelling  the  poles  of  a  magnet.  This  is  easily  demonstrated 
by  permitting  a  horizontally  suspended  magnet  to  assume 
the  direction  of  north  and  south,  and  placing  near  it  the 
conducting  wire  of  a  closed  circuit,  held  vertically  and  at 
right  angles  to  the  needle,  with  the  positive  pole  next  the 
ground,  so  that  the  current  may  flow  from  below  upwards. 
When  the  wire  is  exactly  intermediate  between  the  magnetic 
poles,  no  effect  is  observed ;  on  moving  the  wire  nearly  mid- 
way towards  the  north  pole,  the  needle  will  be  attracted ; 
and  repulsion  will  ensue  when  the  wire  is  moved  close  to  the 
north  pole  itself.  Similar  efiects  occur  on  advancing  the 
wire  towards  the  south  pole.  Such  are  the  phenomena  if  the 
current  ascends  on  the  west  side  of  the  needle  ;  but  they  are 
reversed  when  the  wire  is  placed  vertically  on  the  east  side. 
Attractions  and  repulsions  likewise  take  place  in  a  dipping 
needle,  when  the  current  flows  horizontally  across  it. 

The  discovery  of  Oersted  was  no  sooner  announced,  than 


GALVANISM.  141 

magnetic  needle  placed  upon  or  near  it  in  the  same  manner 
as  the  wire  which  unites  its  two  extremities ;  but  as  the  de- 
flection took  place  only  when  the  opposite  ends  of  the  battery 
were  in  communication,  and  ceased  entirely  when  the  circuit 
was  broken,  he  inferred  that  electricity  passes  uninterruptedly 
through  the  battery  itself  when  the  circuit  is  closed,  and  not 
at  all  in  the  interrupted  circuit. 

But  a  magnetic  needle  will  not  only  indicate  the  existence 
and  direction  of  a  galvanic  current :   it  may  even  serve,  by 
the  degree  of  deflection,  as  an  exact  measure  of  its  force. 
When  used  for  this  purpose,  under  the  name  o{ galvanometer^ 
dome  peculiar  arrangements  are  required  in  order  to  ensure 
the  requisite  delicacy   and   precision.     Experiment  proves 
that  a  magnet  is  equally  affected  by  every  point  of  a  con- 
ductor along  which  a  galvanic  current  is  passing,  so  that  a 
wire  transmitting  the  same  current  will  act  with  more  or  less 
energy,  according  as  the  number  of  its  parts  contiguous  to 
the  needle  is  made  to  vary.     On  this  principle  is  constructed 
the  Galvanometer  or  Multiplier  of  Schweigger.     A  copper 
wire  is  bent  into  a  rectangular  form  consisting  of  several 
cofls,  and  in  the  centre  of  the  rectangle  is  placed  a  delicately 
suspended  needle,  as  shown  in  the  figure.     Each  coil  adds 
its  influence  to  that  of  the  others ;  and  as  the  current,  in  its 
progress  along  the  wire,  passes  repeatedly  above  and  below 
the  needle  in  opposite  directions,  their  joint  action  is  the 
same.     In  order  to  prevent  the  electricity  from  passing  late- 
rally from  one  coil  to  another  in  contact  with  it,  the  wire 
should  be  covered  with  silk.     The 
ends  of  the  wire,  a  and  ft,  are  left 
free  for  the  purpose  of  communica- 
tion with  the  opposite  poles  of  the  galvanic  circle.     When  a 
single  needle  is  employed,  as  shown  in  the  figure,  its  move- 
ments are  influenced  partly  by  the  earth's  magnetism,  and 
partly  by  the  galvanic  current.     The  indications  are  much 
more  delicate  when  the  needle  is  rendered  astatic^  that  is, 
when  its  directive  property  is  destroyed  by  the  proximity  of 
another  needle  of  equal  magnetic  intensity,  fixed  parallel  to  it, 
and  in  a  reversed  position,  each  needle  having  its  north  pole 
adjacent  to  the  south  pole  of  the  other :  in  this  state  the  nee^ 
dies,  neutralizing  each  other,  are  unaffected  by  the  magnetism 
of  the  earth,  while  they  are  still  subject  to  the  influence  of  gal- 
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deflecting  power  will  vary  in  the  ratio  of  1  to  2. — The  wire 
is  undentood  to  be  single,  and  not  coiled  as  in  the  multiplier 
of  Schweigger. 

Dr.  Ktchie  has  also  shown,  agreeably  to  general  obser- 
vation,  that  the  deflecting  power  of  a  compound  battery  is 
not  increased  by  increasing  the  number  of  its  plates ;  and  he 
has  added,  respecting  the  action  of  compound  batteries  in 
general,  some  novel  facts  which,  when  extended  and  iqiplied, 
may  materially  modify  the  present  theories  of  galvanism. 
(Phil.  Trans.  1832.) 

The  mutual  influence  of  a  magnetic  pole  and  a  conducting 
wire  changes  with  the  distance  between  them.  Experiment 
shows  that  the  action  of  a  magnetic  pole  and  a  continuous 
conductor,  every  point  of  which  exerts  a  separate  energy  on 
the  pole,  varies  inversely  as  the  distance.  This  result  jus- 
tifies the  opinion  that  the  force  of  a  magnetic  pole  on  a  tingle 
point  of  a  conductor  varies  as  the  square  of  the  distance,  the 
same  law  which  regulates  the  distribution  of  heat  and  light, 
as  well  as  the  eAects  due  to  dectricity. 

From  same  of  the  original  experiments  of  Oersted,  it  was 
at  first  believed  that  a  force,  one  while  attractive  and  at 
aootber  repulsive,  acted  in  straight  lines  between  the  magnet 
and  condudtng  wire.  On  examination,  however,  the  phe- 
nomena seemed  more  eaaly  referable  to  a  tendency  to  rotate, 
and  the  discoveries  of  Mr.  Faraday  soon  brought  the  matter 
to  the  test  of  experimoit.  Into  the  centre  of  the  bottom  of 
a  cup,  as  in  the  sectional  view,  figure  10,  a  Kig.  10. 

copper  wire  c  d  was  inserted,  a  cylindrical 
magnet  n  s  was  attached  by  a  thr«id  to  the 
copper  wire  c,  and  the  cup  was  nearly  filled 
with  mercury,  so  that  one  pole  only  of  the 
magnet   projected.     A  conductor  a  b   was 
then  fixed  in  the  mercury  perpendicularly 
ov^  the  wire  c.     On  connecting  the  con- 
ducting wires  with  the  opposite  ends  of  a 
battery,  a  current  is  transmitted  from  one  . 
wire  through  the  mercury  to  the  other.     If 
the  current  descend,  the  north  pcJe  of  the  magnet,  if  upper- 
most, will  rotate  round  the  wire  a  b,  passing  from  east  through 
the  south  to  west  like  the  movements  in  the  hands  of  a  watch  ; 
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Fig.  13. 


versed.  If  the  current  move  horizontally,  the  plane  of 
rotation  will  be  vertical ;  and  if  figure  12  be  moved  into 
this  new  position,  so  that  the  current  may  still  flow  from  A 
to  C,  the  arrows  on  the  card  will  still  indicate  the  course  of 
rotation.  A  rule  suggested  by  Ampere  will  also  be  a  useful 
aid  in  recollecting  the  movements  of  a  magnet.  Let  the  ob- 
server regard  himself  as  the  conductor,  and  suppose  a  cur- 
rent to  pass  from  his  head  towards  his  feet ;  the  north  pole 
of  a  magnet  in  front  of  him,  will  move  to  his  right  side,  and 
a  south  pole  to  his  left. 

It  is  obvious  that  the  direction  of  rotation  imparted  by  a 
fixed  current  to  a  moveable  pole,  will  be  identical  with  that 
which  the  same  pole  tends  to  impart  to  the  same  current. 
Thus  let  w  in  figure  13  represent  the  section  of  a  wire  along 
which  an  electric  current  is  descending,  and  n  the  north  pole 
of  a  magnet.  If  w  impel  n  towards  the  right 
side,  It  will  give  an  impulse  to  w  in  the  opposite 
direction,  as  indicated  by  the  arrows.  Each  is 
disposed  to  describe  a  circle  round  the  other  as 
a  centre,  moving  in  the  same  direction  as  the 
hands  of  a  watch  with  its  dial  upwards ;  and  if 
IT  and  n  were  equally  free  to  move,  they  would 
act  as  a  couple  in  statics,  and  tend  to  rotate  round  the  middle 
of  the  dotted  line  which  joins  them. 

In  the  preceding  explanations  an  electric  current  is  sup- 
posed  to  act  at  the  same  moment  on  one  pole  only  of  a  mag- 
net, the  other  being  fixed ;  but  the  same  principle  will  ex- 
plain the  roUtion  of  a  magnet  moveable,  like  a  compass  nee- 
dle, round  the  middle  of  its  axis.  Let  N  S  of  figure  14  re- 
present such  a  magnet  stationary 
in  the  magnetic  meridian  ;  and  w 
the  section  of  a  wire  along  which 
a  current  is  made  to  descend. 
The  north  pole  will  instantly  be 
drawn  to  the  right  and  the  south 
pole  to  the  left  side ;  and  as  the 
impulse  given  to  each  pole  re- 
spectively will  be  in  the  same 
direction  at  every  part  of  its 
course,    continued    rotation    will 
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the  poiDt  C  horizontally  within  the  rectangle,  figure  18,  will 
be  influenced  in  the  same  manner  by  each  of  its  sides. 
If  the  current  flow  Fig.  is. 

from  A  horizontally  ^       b^ 
above     the    needle     P+ 


from  north  to  south, 
and  then  successive- 
ly along  the  other 
three  sides  up  to  B, 
the  separate  influ- 
ence of  each  side,  agreeably  to  the  principle  above  illustrated, 
will  impel  the  north  pole  eastward  and  the  south  to  the  west. 
The  little  cups  A  B  are  designed  to  contain  mercury,  and 
afford  a  ready  means  of  connecting  the  rectangle  with  the 
opposite  sides  of  a  galvanic  combination. 

If  the  rectangle,  in  the  last  combination,  have  the  property 
of  impelling  the  north  pole  of  a  magnet  to  its  right  side,  the 
north  pole,  when  placed  on  that  side,  will  give  an  opposite 
impulse  to  the  rectangle.  This  may  be  shown  by  an  elegant 
apparatus  of  De  la  Rive,  which  consists  of  a  circular  copper 
wire,  the  extremities  of  which  are  passed  through  a  cork,  and 
soldered  to  a  plate  of  zinc  and  copper.  On  placing  the 
arrangement  in  a  vessel  of  acidulated  water,  an  electric  cur- 
rent passes  from  the  eepper  plate  round  the  circle  to  the 
mo,  as  shown  in  figure  19 ;  and  as  the  cork  renders  the 
apparatus  buoyant,  a  very  slight  force  will  throw  it  into  mo- 
tion. It  will  exhibit  various  pheno- 
mena of  attraction  and  repulsion,  all  ^*^*  ^^' 
explicable  on  the  principle  already 
explained,  according  to  the  relative 
position  of  the  magnetic  pole  which 
is  presented.  The  apparatus  will 
be  more  powerful  if  the  conducting 
wire,  covered  with  silk  to  prevent  lateral  communication,  be 
formed  into  several  circles  of  the  same  diameter,  on  the  prin- 
ciple of  the  multiplier.     (Page  141.) 

A  current  of  Voltaic  electricity  not  only  determines  the 
position  of  a  magnet,  but  renders  steel  permanently  mag- 
netic. This  was  observed  nearly  at  the  same  time  by  Arago 
and  Davy,  who  found  that  when  needles  are  placed  at  right 
angles  to  the  conducting  wire,  permanent  magnetism  is  com- 
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of  branches,  and  has  only  a  short  passage  from  one  end  of 
the  battery  to  the  other,  though  it  gives  energy  to  a  multi- 
tude of  coils.  A  combination  of  this  kind,  connected  with  a 
battery  of  five  feet  square,  supported  2063  pounds,  or  nearly 
a  ton  weight.    ^ 

In  witnessing  the  influence  of  Voltaic  conductors  over  the 
directive  property  of  magnets,  and  in  inducing  magnetism,  it 
is  difficult  to  divest  one's  self  of  the  conviction  that  these 
conductors,  while  transmitting  a  current,  are  themselves 
magnetic.  This  belief  was  early  entertained  by  those  who 
repeated  the  experiments  of  Oersted,  and  experimental  evi- 
dence of  its  truth  was  speedily  adduced.  Arago  and  Davy 
found  that  a  copper  wire,  connecting  the  end  of  a  Voltaic 
combination  attracted  iron  filings,  but  that  they  instantly 
fell  off  as  soon  as  the  circuit  was  broken  ;  and  a  conductor, 
when  its  movements  were  not  impeded  by  friction  or  gravity, 
was  proved  by  Ampere  to  be  obedient,  like  an  ordinary  mag- 
net, to  the  magnetic  agency  of  the  earth.  Though  these  pro- 
perties may  be  exhibited  by  a  single  wire,  the  action  is  more 
conspicuous  when,  on  the  principle  of  the  multiplier,  the  con- 
ductor is  twisted  into  a  spiral,  as  A  Figure  22,  or  into  a  rect- 
angular form  as  represented  Fig.  22. 
by  B  in  the  same  figure. 
When  the  arrangement  is 
connected  with  a  floating  ^^ 
galvanic  combination  as  in  a 
figure  19,  or  is  very  deli- 
cately suspended,  the  plane 
of  the  spiral  places  itself 
east  and  west,  the  current  ascending  on  the  west  side  and 
descending  on  the  east :  the  current,  in  fact,  takes  the  same 
course  as  the  hands  of  a  watch  when  it  is  held  on  edge  with 
the  plane  of  the  dial  lying  east  and  west,  and  facing  the 
south.  That  side  of  the  spiral  which  is  towards  the  north, 
consistently  with  an  experiment  already  mentioned,  (page  147) 
acts  as  the  north  pole ;  and  the  south  side  of  the  spiral  has 
an  opposite  polarity.  Each  side  is  powerfully  attractive  to 
iron  filings.  Another  convenient  form  of  the  conductor  is 
the  helix,  figure  20.  Each  coil  of  the  helix  is  a  separate 
magnet,  and  tends  to  place  itself  in  the  same  position  as  the 
spiral  or  rectangle ;  but  the  multiplied  effect  of  all  the  coils 
causes  north  and  south  polarity  to  be  accumulated  at  the 
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If  a  moveable  conductor  CD  be  wholly  on  one  side  of  AB, 
as  in  figure  25,  repulsion  will  ensue  on  one  side  and  attrac- 
tion on  the  other.  The  direction  in  which  these  forces  act 
is  indicated  by  the  dotted  arrows,  e  b  and  eg:  and  they  give 
a  resultant  e  r,  which  tends  to  draw  CD  on  the  side  of  B. 


Figure  36  shows  the  effect  of  reversing  the  current  in  CD, 
which  will  consequently  be  drawn  by  a  force  at  right  angles 
to  itadf  on  the  side  of  A. 

If  in  the  last  case  the  con- 
ductor CD  were  moveable  round 
C  as  a  centre,  then  the  resultant 
e  r  would  draw  D  towards  F, 
figure  37;  but  if  the  current 
in  either  conductor  were  reversed, 
CD  would  tend  to  rotate  towards  O. 

These  are  a  few  examples  of  the  numerous  facts  experi- 
mentally proved  by  Ampere  concerning  the  action  of  Vol* 
taic  conductors  on  each  other.  It  is  to  this  branch  of  the 
subject  the  term  of  Eieciro^DynamicSf  or  the  science  of  elec- 
tricity in  motion,  is  sometimes  restricted,  while  the  mutual 
action  of  conductors  and  magnets  is  called  Electro^Magne- 
iism ;  but  these  two  branches  are  so  entirely  parts  of  the 
same  science,  that  I  have  included  both  under  Amp^re^s 
term  of  Electro-Dynamics.  Any  one  who  has  studied  the 
few  preceding  pages  with  moderate  care,  cannot  fail  to  trace 
a  close  analogy  between  a  helix  traversed  by  an  electric 
current  and  a  magnet.  The  former  is  affected  by  other 
Voltaic  conductors,  by  the  poles  of  a  magnet,  and  by  the 
magnetism  of  the  earth  in  the  same  manner  as  the  latter.  It 
was  this  similarity,  or  rather  identity,  of  action  which  led 
Ampere  to  his  theory  of  magnetism.  He  supposes  that  the 
polarity  of  every  magnet  is  solely  owing  to  the  circulation, 
within  its  substance  and  at  its  surface,  of  electric  currents. 
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203  feet  long  was  passed  in  form  of  a  helix  round  a  large  block 
of  wood,  and  an  equal  length  of  a  similar  wire  was  wound  on 
the  same  block  and  in  the  same  direction,  so  that  the  coils  of 
each  helix  should  be  interposed,  but  without  contact,  be- 
tween the  coils  of  the  other.  The  ends  of  one  of  the  helices 
were  connected  with  a  galvanometer,  and  the  other  with  a 
strong  galvanic  battery,  with  the  view  of  ascertaining  whe- 
ther the  passage  of  a  Voltaic  current  through  one  helix 
would  induce  a  current  in  the  adjoining  helix.  It  was  found 
that  the  galvanometer  needle  indicated  a  current  at  the  mo- 
ment both  of  completing  and  breaking  the  circuit,  but  that 
in  the  interval  no  deflection  took  place ;  and  similarly  the 
induced  current  readily  magnetized  a  sewing  needle,  while  the 
Voltaic  current  along  the  inducing  helix  was  in  the  act  of 
beginning  or  ceasing  to  flow,  but  at  no  other  period.  By 
varying  the  experiment  the  same  result  was  obtained:  an 
electric  current  transmitted  from  a  Voltaic  battery  through  a 
conducting  helix  does  not  induce  a  current  in  an  adjoining 
helix,  except  at  the  moment  of  making  or  breaking  the  Vol- 
taic circuit.  In  the  former  case  the  direction  of  the  induced 
current  is  opposite  to  that  of  the  inducing  current,  and  in 
the  latter  case  it  is  the  same.  This  phenomenon  is  distin- 
guished by  Mr.  Faraday  under  the  name  of  Voka-electric 
induction. 

The  inducing  power  of  a  magnet  greatly  exceeds  that  of 
an  electric  current.  A  ring  of  soft  iron  was  covered  to  nearly 
half  its  extent  by  several  helices,  the  ends  of  which  were 
brought  together  so  as  to  constitute  a  compound  helix  ter- 
minating  in  the  conductors  a  6,  figure  28 ;  and  on  the  other 
half  of  the  ring  were  arranged  similar  Fig.  28. 

helices  which  communicated  byccf  with 
a  galvanometer.  The  two  sets  of 
helices  were  thus  separated  from  each 
other  by  portions  of  the  ring  M  M', 
and  were  protected  by  doth  from 
direct  contact  with  the  ring  itself.  At 
the  moment  the  wires  a  b  touched  the  ends  of  a  Voltaic 
combination,  the  galvanometer  was  strongly  affected:  the 
needle  then  returned  to  its  former  position  and  remained 
there  until  the  Voltaic  circuit  was  broken,  when  the  needle 
was    again    deflected    as    strongly   as    before,    but    in  the 


GALVANISM.  155 

poles  to  the  iron,  the  galvanometer  needle  was  deflected;  and 
the  deflection  was  reproduced,  but  in  the  opposite  direction, 
when  the  magnetisin  of  the  iron  was  ceasing  by  the  removal 
of  the  magnet.  Similarly  when  a  helix  was  wound  on  a  hol- 
low cylinder  of  pasteboard,  and  a  real  magnet  was  introduced, 
the  galvanometer  was  deflected:  the  needle  then  remained 
quiescent  so  long  as  the  magnet  was  left  in  the  cylinder ;  but 
in  the  act  of  its  removal,  the  needle  was  again  deflected, 
though  as  usual  in  the  opposite  direction. 

These  singular  phenomena,  which  establish  such  new  and 
intimate  relations  between  galvanic  and  magnetic  action,  and 
supply  additional  evidence  in  favour  of  Ampdre^s  beautiful 
theory  of  ^akMoliln,  have  led  to  an  experiment  by  which, 
at  6rst  view,  an  electric  spark  appeared  to  be  derived  from 
the  magnet  itself.  After  Faraday  had  announced  his  experi- 
ment above  mentioned,  of  obtaining  a  spark  from  the  induced 
wire,  other  attempts  were  made  to  efiect  the  same  object  with 
8  magnet,  without  the  aid  of  galvanism.  The  first  person 
who  succeeded  in  this  country  was  Mr.  Forbes  of  Edinburgh, 
who  operated  with  a  powerful  loadstone  which  had  been  pre- 
sented to  the  University  of  Edinburgh  by  Dr.  Hope.  (Phil. 
Trans,  of  Ed.  1833.)  A  helix  of  copper  wire  was  formed 
round  the  middle  of  a  cylinder  of  soft  iron,  which  was  of  such 
length  that  its  extremities  reached  from  one  pole  of  the  load- 
stone to  the  other.  On  applying  and  withdrawing  the  soft 
iron  cylinder  to  and  from  the  poles  of  the  loadstone,  magnetism 
was  alternately  created  and  destroyed  within  it.  At  these 
periods  of  transition,  an  electric  current  was  induced  in  the 
helix  surrounding  the  soft  iron ;  and  when,  at  these  instantSf 
metallic  contact  between  the  conducting  wires  of  the  helix 
was  broken,  an  electric  spark  was  visible.  Mr.  Forbes  suc- 
ceeded best  by  connecting  one  wire  with  a  cup  of  mercury, 
and  removing  the  other  wire  from  contact  with  its  surface  at 
the  instant  when  an  assistant  withdrew  the  armature  of  soft 
iron  from  the  loadstone.  In  this  experiment,  therefore,  the 
electricity  was  obtained  from  the  helix,  and  was  induced  in  it 
by  the  soft  iron  while  in  the  act  of  acquiring  or  losing  mag- 
netism. The  same  experiment  was  performed  by  Mr.  Fara- 
day with  a  loadstone  belonging  to  Professor  Daniell.  Shortly 
before  the  experiment  of  Mr.  Forbes,  Signori  Nobili  and 
Antinori  succeeded  with  an  ordinary  steel  magnet ;  and  this 
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tion ;  and,  reciprocally,  a  rotating  magnet  tends  to  give  ro- 
tation  to  a  contiguous  copper  plate.  The  same  effects  are 
produced  by  the  rotation  not  only  of  aU  metals,  but,  accord- 
ing to  Arago,  of  all  bodies  whether  solid,  liquid,  or  gaseous. 
These  efiects,  which  Mr.  Faraday  has  principally  examined 
in  reference  to  the  rotation  of  metals,  are  entirely  owing  to 
an  electric  current  induced  by  the  rotation,  and  flowing  at 
right  angles  to  the  direction  of  motion. 
Suppose  a  b  dy  figure  29,  to  be  a  circular  " 

metallic  plate,  placed  horizontally,  and  ca- 
pable of  revolving  round  its  centre  c ;  and 
let  n  be  the  north  pole  of  a  magnet,  situated 
above  the  plate  near  its  circumference  at  a. 
If  a  voltaic  current  were  to  flow  along  the 
plate  from  c  to  a,  the  pole  n  would  be  impelled  at  right  angles 
in  the  direction  indicated  by  the  arrow ;  and  hence  if  the 
plate  were  made  to  revolve  in  the  same  direction,  indicated 
by  the  arrows  at  b  and  dy  an  induced  current  would  instantly 
flow  from  c  to  a.     Its  direction  would  be  constantly  in  that 
line,  being  at  right  angles  to  the  dotted  arrow,  which  indi- 
cates the  direction  in  which  that  part  of  the  plate  nearest  to 
the  pole  is  moving.     Hence  the  pole,  acted  on  by  the  induced 
current,  would  receive  an  impulse  in  the  same  direction. 

If  motion  in  the  vicinity  of  a  magnet  induce  an  electric 
current,  the  same  effect  would  be  anticipated  from  the  mag- 
netic influence  of  the  earth  ;  and  this  fact  has  been  proved  by 
Mr.  Faraday  by  most  decisive  and  interesting  experiments. 
When  a  bar  of  soft  iron  is  held  in  the  position  of  the  dipping 
needle,  the  direction  of  which,  in  regard  to  terrestrial  mag- 
netism, is  analogous  to  the  axis  of  a  common  magnet,  it 
acquires  magnetic  properties;  and  accordingly,  on  intro- 
ducing a  soft  iron  cylinder  into  a  hollow  helix  of  copper 
placed  in  the  line  of  the  dip,  a  galvanometer  connected  with 
the  helix  was  instantly  affected.  But  the  use  of  iron  may 
be  dispensed  with  altogether ;  for  when  a  helix  of  copper 
wire  w&s  simply  moved  at  right  angles  to  the  dipping  needle, 
an  electric  current  was  induced  by  the  magnetism  of  the 
earth.  The  form  of  a  helix  is  not  even  necessary :  the  move- 
ment of  a  piece  of  copper  wire  across  the  line  of  dip  deve- 
loped a  current  in  the  wire.  The  same  effect  was  produced 
by  the  rotation  of  a  copper  plate  placed  horizontally  so  as  to 
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be  nearly  at  right  angles  to  the  line  of  dip ;  and  the  revo- 
lution of  a  copper  globe  acted  in  the  same  manner.  Mr. 
Faraday  concludes  that  the  rotation  of  the  earth  on  its  axis 
ought  similarly  to  influence  the  conducting  matters  of  its 
surface ;  and  that  electric  currents  should  be  thereby  induced 
from  the  equatorial  regions  to  either  pole.  He  throws  out 
the  suggestion  whether  the  aurora  borealis  and  australis  may 
not  be  produced  by  the  returning  currents  passing  from  the 
poles  of  the  earth  into  the  atmosphere. 


PART   II. 


INORGANIC   CHEMISTRY. 


PRELIMINARY  REMARKS. 


In  teaching  a  scieDce,  the  details  of  which  are  numerous 
and  complicated,  it  would  be  injudicious  to  foUow  the  order 
of  discovery,  and  proceed  from  the  individual  facts  to  the 
oonduaions  which  have  been  deduced  from  them.  An  oppo- 
site course  is  indispensable.  It  is  necessary  to  discuss  general 
principles  in  the  first  instance,  in  order  to  aid  the  beginner 
in  remembering  insulated  facts,  and  in  comprehending  the 
explanations  connected  with  them. 

This  necessity  is  in  no  case  more  sensibly  felt  than  in  the 
study  of  Chemistry,  and  for  this  reason  I  shall  commence  the 
second  part  of  the  work  by  explaining  the  leading  doctrines 
of  the  science.  One  inconvenience,  indeed,  does  certainly 
arise  from  this  method.  It  is  often  necessary,  by  way  of 
illustration,  to  refer  to  facts  of  which  the  beginner  is  igno- 
rant ;  and  therefore  on  some  occasions  more  knowledge  will 
be  required  for  understanding  a  subject  fully,  than  the 
reader  may  have  at  his  command.  But  these  instances  will, 
it  is  hoped,  be  rarely  met  with  ;  and  when  they  do  occur,  the 
•  reader  is  advised  to  quit  the  point  of  difficulty,  and  return  to 
the  study  of  it  when  he  shall  have  acquired  more  extensive 
knowledge  of  the  details. 

To  the  chemical  history  of  each  substance  its  chief  physical 
characters  will  be  added.  A  knowledge  of  these  properties 
is  not  only  advantageous  in  assisting  the  chemist  to  distin- 
guish one  body  from  another,  but  in  many  instances  it  is 
^ifdied  to  uses  still  more  important.  Specific  gravity  in  par- 
ticular is  a  point  of  great  consequence ;  and  as  this  expres- 
aon  will  hereafter  be  used  in  almost  every  page,  it  will  be 
proper,  before  proceeding  further,  to  give  a  more  detailed 
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explanation  than  it  was  convenient  to  introduce  when  this 
subject  was  formerly  mentioned.  (Page  74.)  Equal  bulks 
of  different  substances,  as  a  cubic  inch  of  gold,  silver,  tin, 
and  water,  differ  more  or  less  in  weight :  their  densities  are 
different ;  or  in  other  words,  they  contain  different  quantities 
of  ponderable  matter  in  the  same  space.  The  tin  will  weigh 
eight  times  more  than  the  water,  the  silver  about  ten  times 
and  a  half,  and  the  gold  upwards  of  19  times  more  than  that 
fluid.  The  density  of  all  solids  and  liquids  may  be  deter- 
mined in  the  same  manner ;  and  if  they  are  compared  with 
an  equal  bulk  of  water  as  a  standard  of  comparison,  a  series 
of  numbers  will  be  obtained,  which  will  show  the  comparative 
density  or  specific  gravity^  as  it  is  called,  of  all  of  them. 

The  process  for  determining  specific  gravities  is  therefore 
sufficiently  simple.  It  consists  in  weighing  a  body  carefully, 
and  then  determining  the  weight  of  an  equal  bulk  of  water, 
the  latter  being  regarded  as  unity.  If,  for  example,  a  por- 
tion of  water  weigh  nine  grains,  and  the  same  bulk  of  another 
body  20  grains,  its  specific  gravity  is  determined  by  this  for- 
mula :  as  9  :  20  :  :  1  (assumed  as  the  specific  gravity  of 
water)  to  the  fourth  proportional  2.2222 ;  so  that  the  spe- 
cific gravity  of  any  substance  is  found  by  dividing  its  weight 
by  the  weight  of  an  equal  volume  of  water.  It  is  easy  to 
discover  the  weight  of  equal  bulks  of  water  and  any  other 
liquid  by  filling  a  small  bottle  of  known  weight  with  each 
successively,  and  weighing  them.*  The  method  of  obtaining 
the  necessary  data  in  case  of  a  solid  is  somewhat  different. 
The  body  is  first  weighed  in  air,  is  next  suspended  in  water 
by  means  of  a  hair  attached  to  the  scale  of  the  balance,  and 
is  then  weighed  again.  The  difference  between  the  two 
weights  gives  the  weight  of  a  quantity  of  water  equal  to  the 
bulk  of  the  solid.  This  rule  is  founded  on  the  hydrostatic 
law,  that  a  solid  body,  immersed  in  any  liquid,  not  only 
weighs  less  than  it  does  in  air,  but  that  the  difference  cor- 
responds exactly  to  the  weight  of  the  liquid  which  it  dis- 
places ;  and  it  is  obvious  that  the  liquid  so  displaced  is  ex- 
actly of  the  same  dimensions  as  the  solid.  Another  method 
is  by  the  use  of  the  bottle  recommended  for  taking  the  spe- 
cific gravity  of  liquids.  After  weighing  the  bottle  filled  with 
water,  a  known  weight  of  the  solid  is  put  into  it,  which  of 

*  Bottles  are  prepared  for  this  purpose  by  the  philosophical  instminent- makers. 
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course  displaces  a  quantity  of  water  precisely  equal  to  its 
own  volume.  The  exact  weight  of  the  displaced  water  is 
found  by  weighing  the  bottle  again,  after  having  wiped  its 
outer  surface  with  a  dry  cloth. 

The  determination  of  the  specific  gravity  of  gaseous  sub- 
stances is  an  operation  of  much  greater  delicacy.  From  the 
extreme  lightness  of  gases,  it  would  be  inconvenient  to  com- 
pare them  with  an  equal  bulk  of  water,  and  therefore  atmo- 
spheric air  is  taken  as  the  standard  of  comparison.  The  first 
step  of  the  process  is  to  ascertain  the  weight  of  a  given 
volume  of  air.  This  is  done  by  weighing  a  very  light  glass 
flask,  furnished  with  a  good  stopcock,  while  full  of  air  ;  and 
then  weighing  it  a  second  time,  after  the  air  has  been  with- 
drawn by  means  of  the  air-pump.  The  difference  between 
the  two  weights  gives  the  information  required.  According 
to  the  observation  of  Dr.  Prout,  100  cubic  inches  of  pure  and 
dry  atmospheric  air,  at  the  temperature  of  60°  F.  and  when 
the  barometer  stands  at  30  inches,  weigh  31*0117  grains. 
By  a  similar  method  the  weight  of  any  other  gas  may  be  de- 
termined, and  its  specific  gravity  be  inferred  accordingly. 
For  instance,  suppose  100  cubic  inches  of  oxygen  are  found 
to  weigh  34*454  grains,  its  specific  gravity  will  be  thus 
deduced:  as  31*0117  :  34*454  :  :  1  (the  sp.  gr.  of  air)  : 
1*1111,  the  specific  gravity  of  oxygen. 

There  are  four  circumstances  to  which  particular  attention 
must  be  paid  in  taking  the  specific  gravity  of  gases : — 

1.  The  gas  diould  be  perfectly  pure,  otherwise  the  result 
cannot  be  accurate. 

2.  Due  regard  must  be  had  to  its  hygrometric  condition. 
If  it  is  saturated  with  moisture,  the  necessary  correction  may 
be  made  for  that  circumstance  by  the  formula  which  will  be 
found  at  page  79 ;  or  it  may  be  dried  by  the  use  of  sub- 
stances which  have  a  powerful,  attraction  for  moisture,  such 
as  chloride  of  calcium,  quicklime,  or  fused  potash. 

3.  As  the  bulk  of  gaseous  substances,  owing  to  their  elas- 
ticity and  compressibility,  is  dependent  on  the  pressure  to 
which  they  are  exposed,  no  two  observations  admit  of  com- 
parison, unless  made  under  the  same  elevation  of  the  baro- 
meter. It  is  always  understood,  in  taking  the  specific  gra- 
vity of  a  gas,  that  the  barometer  must  stand  at  thirty  inches, 
by  which  means  the  operator  is  certain  that  each  gas  is  sub- 
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oxygen,  to  which  was  added  the  termination  in  »c.  Thus, 
sulphuric  and  carbonic  acids  signify  add  compounds  of  sul- 
phur and  carbon  with  oxygen  gas.  If  sulphur  or  any  other 
body  should  form  two  acids,  that  which  contains  the  least 
quantity  of  oxygen  is  made  to  terminate  in  aus^  as  sulphuroiu 
acid.  The  termination  in  uret  was  intended  to  denote  com- 
binations of  the  simple  non-metallic  substances  either  with 
one  another,  with  a  metal,  or  with  a  metallic  oxide.  Sul- 
phtir^^  and  carhuret  of  iron,  for  example,  signify  compounds 
of  sulphur  and  carbon  with  iron.  The  different  oxides  or 
sulphurets  of  the  same  substance  were  distinguished  from  one 
another  by  some  epithet,  which  was  commonly  derived  from 
the  colour  of  the  compound,  such  as  tlie  black  and  red 
oxides  of  iron,  the  black  and  red  sulphurets  of  mercury. 
Though  this  practice  is  still  continued  occasionally,  it  is  now 
more  customary  to  distinguish  degrees  of  oxidation  by  the 
use  of  derivatives  from  the  Greek  or  Latin.  Pro/oxide 
signifies  the  first  degree  of  oxidation,  binoxide  the  second, 
and  teroxide  the  third.  The  term  peroxide  is  often  applied 
to  the  highest  degree  of  oxidation.  The  sulphurets,  carbu- 
rets, &c.  of  the  same  substance  are  designated  in  a  similar 
way.  Compounds  consisting  of  acids  in  combination  with 
alkalies,  earths,  or  metallic  oxides,  are  termed  salts,  the  names 
of  which  are  so  contrived  as  to  indicate  the  substances  con- 
tained in  them.  If  the  acidified  substance  contain  a  maxi- 
mum of  oxygen,  the  name  of  the  salt  terminates  in  ate  ;  if  a 
minimum,  the  termination  in  ite  is  employed.  Thus,  the 
sulphate,  phosphate,  and  arsenia^e  of  potash,  are  salts  of  sul- 
phuric, phosphoric,  and  arsenic  acids ;  while  the  terms  sul- 
phide, phosphide,  and  arsenide  of  potash,  denote  combinations 
of  that  alkali  with  the  sulphuroti^,  phosphoroti^,  and  arseni- 
ous  acids. 

The  advantage  of  a  nomenclature  which  disposes  the  dif- 
ferent parts  of  a  science  in  so  systematic  an  order,  and  gives 
such  powerful  assistance  to  the  memory,  is  incalculable.  The 
principle  has  been  acknowledged  in  all  countries  where  che- 
mical science  is  cultivated,  and  its  minutest  details  have  been 
adopted  in  Britain.  It  must  be  admitted,  indeed,  that  in 
some  respects  the  nomenclature  is  defective.  The  erroneous 
idea  of  oxygen  being  the  general  acidifying  principle,  has 
exercised  an  injurious  influence  over  the  whole  structure.     It 
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SECTION  I. 


AFFINITY. 


All  chemical  phenomena  are  owing  to  Affinity  or  Chemi^ 
cat  Attraction.  It  is  the  basis  on  which  the  science  of  che^ 
mistry  is  founded.  It  is,  as  it  were,  the  instrument  which 
the  chemist  employs  in  all  his  operations,  and  hence  it  forms 
the  first  and  leading  object  of  his  study. 

Affinity  is  exerted  between  the  minutest  particles  of  dif- 
ferent kinds  of  matter,  causing  them  to  combine  so  as  to  form 
new  bodies  endowed  with  new  properties.  It  acts  only  at  in- 
sensible distances ;  in  other  words,  apparent  contact,  or  the 
closest  proximity,  is  necessary  to  its  action.  Every  thing 
which  prevents  such  contiguity  is  an  obstacle  to  combination; 
and  any  force  which  increases  the  distance  between  particles 
already  combined,  tends  to  separate  them  permanently  from 
each  other.  In  the  former  case,  they  do  not  come  within  the 
sphere  of  their  mutual  attraction ;  in  the  latter,  they  are  re- 
moved out  of  it.  It  follows,  therefore,  that  though  affinity  is 
regarded  as  a  specific  power  distinct  from  the  other  forces 
which  act  on  matter,  its  action  may  be  promoted,  modified, 
or  counteracted  by  several  circumstances ;  and  consequently, 
in  studying  the  phenomena  produced  by  affinity,  it  is  neces- 
sary to  inquire  into  the  conditions  that  influence  its  ope- 
ration. 

The  most  simple  instance  of  the  exercise  of  chemical  at- 
traction is  afforded  by  the  commixture  of  two  substances. 
Water  and  sulphuric  acid,  or  water  and  alcohol,  combine 
readily.  On  the  contrary,  water  shows  little  disposition  to 
unite  with  sulphuric  ether,  and  still  less  with  oil;  for  however 
intimately  their  particles  may  be  mixed  together,  they  are  no 
sooner  left  at  rest  than  the  ether  separates  almost  entirely 
from  the  water,  and  a  total  separation  takes  place  between 
that  fluid  and  the  oil.  Sugar  dissolves  very  sparingly  in  al- 
cohol,  but  to  any  extent  in  water ;  while  camphor  is  dissolved 
in  a  very  small  degree  by  water,  and  abundantly  by  alcohol. 
It  appears,  from  these  examples,  that  chemical  attraction  is 
exerted  between  different  bodies  with  different  degrees  of 
force.  There  is  sometimes  no  proof  of  its  existence  at  all ; 
between  some  substances  it  acts  very  feebly,  and  between 
others  with  great  energy. 
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This  table  signifies,  first,  that  sulphuric  acid  has  an  affinity 
for  the  substances  placed  below  the  horizontal  line,  and  may 
unite  separately  with  each ;  and,  secondly,  that  the  bases  of 
the  salts  so  formed  will  be  separated  from  the  acid  by  adding 
any  of  the  alkalies  or  earths  which  stand  above  it  in  the 
column.  Thus  ammonia  will  separate  magnesia,  lime  am- 
monia, and  potash  lime ;  but  none  can  withdraw  baryta  from 
sulphuric  add,  nor  can  ammonia  or  magnesia  decompose  sul- 
phate of  lime,  though  strontia  or  baryta  will  do  so.  Berg- 
mann  conceived  that  these  decompositions  are  solely  deter- 
mined by  chemical  attraction,  and  that  consequently  the  order 
of  decomposition  represents  the  comparative  forces  of  affinity ; 
and  this  view,  from  the  simple  and  natural  explanation  it 
aflbrds  of  the  phenomenon,  was  for  a  time  very  generally 
adopted.  But  Bergmann  was  in  error.  It  does  not  neces^ 
aarily  follow,  because  lime  separates  ammonia  from  sulphuric 
acid,  that  the  lime  has  a  greater  attraction  for  the  acid  than 
the  volatile  alkali.  Other  causes  are  in  operation  which 
modify  the  action  of  affinity  to  such  a  degree,  that  it  is  im- 
possible to  discover  how  much  of  the  effect  is  owing  to  that 
power.  It  is  conceivable  that  ammonia  may  in  reality  have 
a  stronger  attraction  for  sulphuric  acid  than  lime,  and  yet 
that  the  latter,  from  the  great  influence  of  disturbing  causes, 
may  succeed  in  decomposing  sulphate  of  ammonia. 

The  propriety  of  the  foregoing  remark  will  be  made  ob- 
vious by  the  following  example. — When  a  stream  of  hydro- 
gen gas  is  passed  over  oxide  of  iron  heated  to  redness,  the 
oxide  is  reduced  to  the  metallic  state,  and  water  is  generated. 
On  the  contrary,  when  watery  vapour  is  brought  into  con- 
tact with  red-hot  metaUic  iron,  the  oxygen  of  the  water  quits 
the  hydrogen  and  combines  with  the  iron.  It  follows  from 
the  result  of  the  first  experiment,  according  to  Bergmann, 
that  hydrogen  has  a  stronger  attraction  than  iron  for  oxygen ; 
and  from  that  of  the  second,  that  iron  has  a  greater  affinity 
for  oxygen  than  hydrogen.  But  these  inferences  are  incom- 
patible with  each  other.  The  affinity  of  oxygen  for  the  two 
elements,  hydrogen  and  iron,  must  either  be  equal  or  unequal. 
If  equal,  the  result  of  both  experiments  was  determined  by 
modifying  circumstances ;  since  neither  of  ^these  substances 
ought  on  this  supposition  to  take  oxygen  from  the  other. 
But  if  the  forces  are  unequal,  the  decomposition  in  one  of 
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elective  affinity,  three  substances  only  are  presentf  and  two 
affinities  are  in  play.  But  it  frequently  happens  that  two 
compounds  are  mixed  together,  and  four  di£Eerent  affinities 
brought  into  action.  The  changes  that  may  or  do  occur 
under  these  circumstances  are  most  conveniently  studied  by 
aid  of  a  diagram,— a  method  which  was  first  employed,  I  be- 
lieve,  by  Dr.  Black,  and  has  since  been  generally  practised. 
Thus,  in  mixing  together  a  solution  of  carbonate  of  ammonia 
and  muriate  of  lime,  their  mutual  action  may  be  represented 
in  the  following  manner : 


Carbonic  add  Ammonia 


Muriatic  acid  Lime 


Each  of  the  adds  has  an  attraction  for  both  bases,  and 
hence  it  is  possible  either  that  the  two  salts  should  continue 
as  they  were,  or  that  an  interchange  of  prindples  should  en- 
sue, giving  rise  to  two  new  compounds, — carbonate  of  lime 
and  muriate  of  ammonia.  According  to  the  views  of  Berg- 
mann  the  result  is  solely  dependant  on  the  comparative 
strength  of  affinities.  If  the  affinity  of  carbonic  acid  for  am« 
monia,  and  of  muriatic  add  for  lime,  exceed  that  of  carbonic 
add  for  lime,  added  to  that  of  muriatic  add  for  ammonia, 
then  will  the  two  salts  experience  no  change  whatever ;  but 
if  the  latter  affinities  preponderate,  then,  as  does  actually 
happen  in  the  present  example,  both  the  original  salts  will  be 
decomposed,  and  two  new  ones  generated.  Two  decomposi- 
tions  and  two  combinations  take  place,  being  an  instance  of 
what  is  called  double  elective  affinity.  Mr.  Kirwan  applied 
the  terms  quiescent  and  diveUent  to  denote  the  tendency  of  the 
opposing  affinities,  the  action  of  the  former  being  to  prevent 
a  change,  the  latter  to  produce  it. 

The  doctrine  of  double  elective  affinity  was  assailed  by 
BerthoUet  on  the  same  ground  and  with  the  same  success  as 
in  the  case  of  single  elective  attraction.  He  succeeded  in 
proving  that  the  effect  cannot  always  be  ascribed  to  the  sole 
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kalies  on  one  another.  Sulphuric  acid  and  potash,  for  ex- 
ample, are  highly  caustic.  The  former  is  intensely  sour, 
reddens  the  blue  colour  of  vegetables,  and  has  a  strong  affinity 
for  alkaline  substances ;  the  latter  has  a  pungent  taste,  con- 
verts the  blue  colour  of  vegetables  to  green,  and  combines 
readily  with  adds.  On  adding  these  principles  cautiously 
to  each  other,  a  compound  results  called  a  neutral  salt,  which 
does  not  in  any  way  affect  the  colouring  matter  of  plants, 
and  in  which  the  other  distinguishing  features  of  the  acid 
and  alkali  can  no  longer  be  perceived.  They  appear  to  have 
destroyed  the  properties  of  each  other,  and  aj-e  hence  said  to 
neutralize  one  another. 

The  other  phenomena  that  accompany  chemical  action  are 
changes  of  density,  temperature,  form,  and  colour. 

1.  It  is  observed  that  two  bodies  rarely  occupy,  after  com- 
bination, the  same  space  which  they  possessed  separately. 
In  general  their  bulk  is  diminished,  so  that  the  specific  gra- 
vity of  the  new  body  is  greater  than  the  mean  of  its  compo- 
nents. Thus  a  mixture  of  100  equal  measures  of  water  and 
an  equal  quantity  of  sulphuric  acid  does  not  occupy  the 
space  of  200  measures,  but  considerably  less.  A  similar  con- 
traction frequently  attends  the  combination  of  solids.  Gases 
often  experience  a  remarkable  condensation  when  they  unite. 
The  elements  ci  olefiant  gas,  for  instance,  would  expand  to 
four  times  the  bulk  of  that  compound,  if  they  were  suddenly 
to  become  free,  and  assume  the  gaseous  form.  But  the  rule 
is  not  without  exception.  The  reverse  happens  in  some  me- 
tallic compounds ;  and  there  are  examples  of  combination 
between  gases  without  any  change  of  bulk. 

2.  A  change  of  temperature  generally  accompanies  chemi- 
cal action.  Caloric  is  evolved  either  when  there  is  a  diminu- 
tion in  the  bulk  of  the  combining  substances  without  change 
of  form,  or  when  a  gas  is  condensed  into  a  liquid,  or  when  a 
liquid  becomes  solid.  The  heat  caused  by  mixing  sulphuric 
add  with  water  is  an  instance  of  the  former ;  and  the  common 
process  of  slaking  lime,  during  which  water  loses  its  liquid 
form  in  combining  with  that  earth,  is  an  example  of  the 
latter.  The  rise  of  temperature  in  these  cases  is  obviously 
referable  to  diminution  in  the  capacity  of  the  new  compound 
for  caloric ;  but  intense  heat  sometimes  accompanies  chemi- 
cal action  under  circumstances  in  which  an  explanation  found- 
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ed  on  a  change  of  specific  caloric  is  quite  inadmissible.  At 
present  it  is  enough  to  have  stated  the  fact ;  the  theory  of  it 
will  be  discussed  under  the  subject  of  combustion.  The  pro- 
duction of  cold  seldom  or  never  takes  place  during  combina- 
tion, except  when  heat  is  rendered  insensible  by  the  conver- 
sion of  a  solid  into  a  liquid,  or  a  liquid  into  a  gas.  All  the 
frigorific  mixtures  act  in  this  way. 

3,  The  changes  of  form  that  attend  chemical  action  are  ex- 
ceedingly various.  The  combination  of  gases  may  give  rise 
to  a  liquid  or  a  solid  ;  solids  sometimes  become  liquid,  or 
liquids  solid.  Several  familiar  chemical  phenomena,  such  as 
explosions,  effervescence,  and  precipitations,  are  owing  to 
these  changes.  The  sudden  evolution  of  a  large  quantity  of 
gaseous  matter  occasions  an  explosion,  as  when  gunpowder 
detonates.  The  slower  disengagement  of  gas  causes  effer- 
vescence, as  occurs  when  marble  is  put  into  muriatic  add. 
A  precipitate  is  owing  to  the  formation  of  a  new  body  which 
happens  to  be  insoluble  in  the  liquid  in  which  its  elements 
were  dissolved. 

4.  The  colour  of  a  compound  is  frequently  quite  different 
from  that  of  the  substances  by  which  it  is  formed.  There 
does  not  appear  to  be  any  uniform  relation  between  the  co- 
lour of  a  body  and  that  of  its  elements,  so  that  it  is  not  pos- 
sible to  anticipate  the  colour  of  any  particular  compound  by 
knowing  the  principles  which  enter  into  its  composition.  lo* 
dine,  whose  vapour  is  of  a  violet  hue,  forms  a  beautiful  red 
compound  with  mercury,  and  a  yellow  one  with  lead.  The 
brown  oxide  of  copper  generally  gives  rise  to  green  and  blue 
coloured  salts ;  while  the  salts  of  the  oxide  of  lead,  which  is 
itself  yellow,  are  for  the  most  part  colourless.  The  colour  of 
precipitates  is  a  very  important  study,  as  it  often  enables  the 
chemist  to  distinguish  bodies  from  one  another  when  in  so- 
lution. 

ON   THE    CIRCUMSTANCES   THAT   MODIFY   AND   INFLUENCE 

THE  OPERATION    OF    AFFINITY. 

Of  the  conditions  which  are  capable  of  promoting  or  coun- 
teracting  the  tendency  of  chemical  attraction,  the  following 
are  the  most  important ;  cohesion,  elasticity,  quantity  of 
matter,  and  gravity.  To  these  may  be  added  the  agency  of 
the  imponderables. 
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COHESION. 


The  first  obvious  effect  of  cohesion  is  to  oppose  affinity,  by 
impeding  or  preventing  that  mutual  penetration  and  close 
proximity  of  the  particles  of  different  bodies,  which  is  essen- 
tial to  the  successful  exercise  of  their  attraction.  For  this 
reason,  bodies  seldom  act  chemically  in  their  solid  state ;  their 
molecules  do  not  come  within  the  sphere  of  attraction,  and 
therefore  combination  cannot  take  place,  although  their  affi- 
nity may  in  fact  be  considerable.  Liquidity,  on  the  con- 
trary, favours  chemical  action  ;  it  permits  the  closest  possible 
approximation,  while  the  cohesive  power  is  comparatively  so 
trifling  as  to  oppose  no  appreciable  barrier  to  affinity. 

Cohesion  may  be  diminished  in  two  ways,  by  mechanical 
division,  or  by  the  application  of  heat.  The  former  is  useful 
by  increasing  the  extent  of  surface ;  but  it  is  not  of  itself  in 
general  sufficient,  because  the  particles,  however  minute,  still 
retain  that  degree  of  cohesion  which  constitutes  solidity. 
Caloric  acts  with  greater  effect,  and  never  fails  in  promoting 
combination,  whenever  the  cohesive  power  is  a  barrier  to  it. 
Its  intensity  should  always  be  so  regulated  as  to  produce 
lique£Eu:tion.  The  fluidity  of  one  of  the  substances  frequently 
suffices  for  effecting  chemical  union,  as  is  proved  by  the  faci- 
lity with  which  water  dissolves  many  salts  and  other  solid 
bodies.  But  it  is  easy  to  perceive  that  the  cohesive  power  is 
still  in  operation :  for  a  solid  is  commonly  dissolved  in  greater 
quantity  when  its  cohesion  is  diminished  by  caloric.  The 
reduction  of  both  substances  to  the  liquid  state  is  the  best 
method  for  ensuring  chemical  action.  The  slight  degree  of 
cohesion  possessed  by  liquids  does  not  appear  to  cause  any 
impediment  to  combination ;  for  they  commonly  act  as  ener- 
getically on  each  other  at  low  temperatures,  or  at  a  tempera- 
ture just  sufficient  to  cause  perfect  liquefaction,  as  when  their 
cohesive  power  is  still  further  diminished  by  caloric.  It 
seems  fair  to  infer,  therefore,  that  very  little,  if  any,  affinity 
exists  between  two  bodies,  which  do  not  combine  when  they 
are  intimately  mixed  in  a  liquid  state. 

The  phenomena  of  crystallization  are  owing  to  the  ascend- 
ancy of  cohesion  over  affinity.  When  a  large  quantity  of 
salt  has  been  dissolved  in  water  by  the  aid  of  heat,  part  of 
the  saline  matter  generally  separates  as  the  solution  cools,  be- 
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which  is  80  necessary  to  the  successful  exercise  of  affinity. 
Hence  many  gases  cannot  be  made  to  unite  directly,  which 
nevertheless  combine  readily  while  in  their  nascent  state; 
that  is,  while  in  the  act  of  assuming  the  gaseous  form  by  the 
decomposition  of  some  of  their  solid  or  fluid  combinations. 

Elasticity  operates  likewise  as  a  decomposing  agent.  If 
two  gases,  the  reciprocal  attraction  of  which  is  feeble,  sufier 
considerable  condensation  when  they  unite,  the  compound 
will  be  decomposed  by  very  slight  causes.  Chloride  of  nitro- 
gen, which  is  an  oil-like  liquid,  composed  of  the  two  gases 
chlorine  and  nitrogen,  aftbrds  an  apt  illustration  of  this  prin- 
dple,  being  distinguished  for  its  remarkable  facility  of  de- 
composition. Slight  elevation  of  temperature,  by  increasing 
the  natural  elasticity  of  the  two  gases,  or  contact  of  sub- 
stances which  have  an  affinity  for  either  of  them,  produces 
immediate  explosion. 

Many  familiar  phenomena  of  decomposition  are  owing  to 
elastidty.  All  compounds  that  contain  a  volatile  and  a  fixed 
principle,  are  b'able  to  be  decomposed  by  a  high  temperature. 
The  expansion  occasioned  by  caloric  removes  the  elements  of 
the  compound  to  a  greater  distance  from  each  other,  and 
thus,  by  diminishing  the  force  of  chemical  attraction,  favours 
the  tendency  of  the  volatile  principle  to  assume  the  form 
which  is  natural  to  it.  The  evaporation  of  water  from  a 
solution  of  salt  is  an  instance  of  this  kind. 

Many  solid  substances,  which  contain  water  in  a  state  of 
intimate  combination,  part  with  it  in  a  strong  heat,  in  conse- 
quence of  the  volatile  nature  of  that  liquid.  The  separation 
of  oxygen  from  some  metals,  by  heat  alone,  is  explicable  on 
the  same  principle. 

From  these  and  some  preceding  remarks,  it  appears  that 
the  influence  of  caloric  over  affinity  is  variable ;  for  at  one 
time  it  promotes  chemical  union,  and  opposes  it  at  another. 
Its  action,  however,  is  always  consistent.  Whenever  the  co- 
power  is  an  obstacle  to  combination,  caloric  favours 
;  as  by  diminishing  the  cohesion  of  a  solid,  or  by  con- 
verting a  solid  into  a  liquid.  As  the  cause  of  the  gaseous 
state,  on  the  contrary,  it  keeps  at  a  distance  particles  which 
would  otherwise  unite ;  or  by  producing  expansion,  it  tends 
to  separate  substances  from  one  another,  which  are  already 
combined.     There  is  one  effect  of  caloric  which  seems  some- 
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rated,  namely,  the  sulphates  of  soda  and  potash,  and  the  mu* 
riates  of  those  bases ;  and  if  the  solution  be  allowed  to  evapo- 
rate gradually,  a  point  at  length  arrives  when  the  least  solu- 
ble of  these  salts,  the  sulphate  of  potash,  will  be  disposed  to 
crystallize.  As  soon  as  some  of  its  crystals  are  deposited, 
and  thus  withdrawn  from  the  influence  of  the  other  salts,  the 
constituents  of  these  undergo  a  new  arrangement,  whereby  an 
additional  quantity  of  sulphate  of  potash  is  generated ;  and 
this  process  continues  until  the  greater  part  of  the  sulphuric 
acid  and  potash  has  combined,  and  the  compound  is  removed 
by  crystallization.  If  the  difference  in  solubility  is  consider- 
able, the  separation  of  salts  may  be  often  rendered  very  com- 
plete by  this  method.  %• 

The  efflorescence  of  a  salt  is  sometimes  attended  with  a 
similar  result.  If  carbonate  of  soda  and  muriate  of  lime  are 
mingled  together  in  solution,  double  decomposition  takes 
place,  and  the  insoluble  carbonate  of  lime  subsides.  But  if 
carbonate  of  lime  and  sea-salt  are  mixed  in  the  solid  state, 
and  a  certain  degree  of  moisture  is  present,  a  mutual  inter- 
change of  the  constituents  ensues.  Carbonate  of  soda  and 
muriate  of  lime  are  slowly  generated ;  and  since  the  former, 
as  soon  as  it  is  formed,  separates  itself  from  the  mixture  by 
efflorescence,  its  production  continues  progressively.  The 
efflorescence  of  carbonate  of  soda,  which  is  sometimes  seen 
on  old  walls,  or  which  in  some  countries  is  found  on  the  soil, 
appears  to  have  originated  in  this  manner. 

ELASTICITY. 

From  the  obstacle  which  cohesion  puts  in  the  way  of 
affinity,  the  gaseous  state,  in  which  the  cohesive  power  is 
wholly  wanting,  might  be  expected  to  be  peculiarly  favour- 
able to  chemical  action.  The  reverse,  however,  is  the  fact. 
Bodies  evince  little  disposition  to  unite  when  presented  to 
each  other  in  the  elastic  form.  Combination  does  indeed 
sometimes  take  place,  in  consequence  of  a  very  energetic 
attraction  ;  but  examples  of  an  opposite  kind  are  much  more 
common.  Oxygen  and  hydrogen  gases,  and  chlorine  and 
hydrogen,  though  their  mutual  affinity  is  very  powerful,  may 
be  preserved  together  for  any  length  of  time  without  com- 
bining. This  want  of  action  seems  to  arise  from  the  distance 
between  the  particles  preventing  that  close  approximation. 
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QUANTITY    OF    MATTER. 

The  influence  of  quantity  of  matter  over  affinity  is  univer- 
sally admitted.  If  one  body  A  unites  with  another  body  B 
in  several  proportions,  that  compound  will  be  most  difficult 
of  decomposition  which  contains  the  smallest  quantity  of  B. 
Of  the  three  oxides  of  lead,  for  instance,  the  peroxide  parts 
most  easily  with  its  oxygen  by  the  action  of  caloric ;  a  higher 
temperature  is  required  to  decompose  the  bin-oxide;  and 
the  protoxide  wiU  bear  the  strongest  heat  of  our  furnaces, 
without  losing  a  particle  of  its  oxygen. 

The  influence  of  quantity  over  chemical  attraction  may  be 
further  illustrated  by  the  phenomena  of  solution.  When 
equal  weights  of  a  soluble  salt  are  added  in  succession  to 
a  given  quantity  of  water,  which  is  capable  of  dissolving 
almost  the  whole  of  the  salt  employed,  the  first  portion  of 
the  salt  will  disappear  more  readily  than  the  second,  the 
second  than  the  third,  the  third  than  the  fourth,  and  so  on. 
The  Mmtj  of  the  water  for  the  saline  substance  dimi- 
nishes with  each  addition,  till  at  last  it  is  weakened  to  such 
a  degree  as  to  be  unable  to  overcome  the  cohesion  of 
the  salt.  The  process  then  ceases,  and  a  saturated  solution 
is  obtained. 

Quantity  of  matter  is  employed  advantageously  in  many 
chemical  operations.  If,  for  instance,  a  chemist  is  desirous 
of  separating  an  add  from  a  metallic  oxide  by  means  of  the 
superior  affinity  of  potash  for  the  former,  he  frequently  uses 
rather  more  of  the  alkali  than  is  sufficient  for  neutralizing  the 
acid.  He  takes  the  precaution  of  employing  an  excess  of 
alkali,  in  order  the  more  eflfectually  to  bring  every  particle  of 
the  substance  to  be  decomposed  in  contact  with  the  decom- 
posbg  agent. 

But  BerthoUet  has  attributed  a  much  greater  influence  to 
quantity  of  matter.  It  was  the  basis  of  his  doctrine,  de- 
veloped in  the  Statique  Chimique^  that  bodies  cannot  be 
whMj  separated  from  each  other  by  the  affinity  of  a  third 
substance  for  one  element  of  a  compound;  and  to  explain 
why  a  superior  chemical  attraction  does  not  produce  the 
effect  which  might  be  expected  from  it,  he  contended  that 
quantity  of  matter  compensates  for  a  weaker  affinity.  From 
the  co-operation  of  several  disturbing  causes,  BerthoUet  per- 
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alkali,  in  order  the  more  effectually  to  bring  every  particle  of 
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quantity  of  matter.  It  was  the  basis  of  his  doctrine,  de- 
vekped  in  the  Staiique  Chimique^  that  bodies  cannot  be 
wholly  separated  from  each  other  by  the  affinity  of  a  third 
substance  for  one  element  of  a  compound;  and  to  explain 
why  a  superior  chemical  attraction  does  not  produce  the 
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U8  to  anticipate  the  reverse.  Independently  of  these  ob* 
jections,  M.  Dulong  has  found  that  the  principle  of  Ber- 
thollet  is  not  in  accord  with  the  results  of  experiment. 

But  though  this  mode  of  determining  the  relative  forces 
of  affinity  cannot  be  admitted,  it  is  possible  that  quantity  of 
matter  may  somehow  or  other  compensate  for  a  weaker 
affinity  ;  and  Berthollet  attempted  to  prove  it  by  experiment. 
(Researches  into  the  Laws  of  Affinity.)  On  boiling  sulphate 
of  baryta  with  an  equal  weight  of  pure  potash,  the  alkali  is 
found  to  have  deprived  the  baryta  of  a  small  portion  of  its 
acid  ;  and  on  treating  oxalate  of  lime  with  nitric  acid,  some 
nitrate  of  lime  is  generated.  As  these  partial  decomposi- 
tions are  contrary  to  the  supposed  order  of  elective  affinity, 
it  was  conceived  that  they  were  produced  by  quantity  of 
matter  acting  in  opposition  to  force  of  attraction.  But  they 
by  no  means  justify  such  a  conclusion.  In  the  decompo- 
sition of  sulphate  of  baryta  by  potash,  no  care  was  taken 
to  exclude  the  atmospheric  air  during  the  operation :  the 
alkali  must  consequently  have  absorbed  carbonic  acid;  and 
it  is  an  estabUshed  fact  that  carbonate  of  potash  partially 
decomposes  sulphate  of  baryta.  A  similar  omission  appears 
to  have  been  made  in  the  other  experiments  where  decompo- 
sition was  attempted  by  pure  potash  or  soda.  In  many  in- 
stances  the  result  may  fairly  be  attributed  to  other  causes. 
Adds  and  alkalies  have  often  a  tendency  to  unite  in  more 
than  one  proportion,  and  will  readily  form  salts  with  excess 
of  add  or  of  base  when  drcumstances  are  favourable  to  their 
production.  Thus  on  adding  nitric  acid  to  the  insoluble 
phosphate  of  lime,  the  earth  is  divided  between  the  two 
adds,  and  a  nitrate  and  biphosphate  of  lime  are  generated. 
It  IB  difficult,  if  not  impossible,  to  effect  the  entire  decomposi- 
tion of  nitrate  of  potash  by  a  quantity  of  sulphuric  add  just 
suffident  for  neutralising  the  alkali ;  for  the  sulphuric  acid, 
instead  of  taking  the  whole  of  the  potash,  is  apt  to  unite 
with  part  of  it,  and  form  the  bisulphate.  This  tendency  to 
the  formation  of  an  add  salt  accounts  for  the  fact  quite  satis- 
factorily ;  nor  is  there  reason  to  infer  the  co-operation  of  any 
other  cause.  Another  drcumstance  that  influences  the  result 
of  such  experiments,  and  which  Berthollet  left  entirely  out 
of  view,  is  the  affinity  of  salts  for  one  another.  On  the 
whok,  therefore,  we  may  infer  that  Berthollet  has  given  no 
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no  disturbing  causes  operate,  the  phenomena  of  decomposi* 
tion  afford  a  sure  criterion ;  but  when  the  conclusions  obtain- 
ed in  this  way  are  doubtful,  assistance  may  be  frequently 
derived  from  other  sources.  The  surest  indications  are  pro- 
cured by  observing  the  tendency  of  different  substances  to 
unite  with  the  same  principle,  under  the  same  circumstances, 
and  subsequently  by  marking  the  comparative  facility  of  de- 
composition when  the  compounds  so  formed  are  exposed  to 
the  same  decomposing  agent  Thus  on  exposing  silver,  lead, 
and  iron,  to  air  and  moisture,  the  iron  rusts  with  great 
rapidity,  the  lead  is  only  tarnished,  and  the  silver  retains  its 
lustre.  It  is  hence  inferred  that  iron  has  the  greatest  affinity 
for  oxygen,  lead  next,  and  silver  least.  This  conclusion  is 
supported  by  concurring  observations  of  a  like  nature,  and 
confirmed  by  the  circumstances  under  which  the  oxides  of 
those  metals  part  with  their  oxygen.  Oxide  of  silver  is 
reduced  by  heat  only ;  and  oxide  of  lead  is  decomposed  by 
charcoal  at  a  lower  temperature  than  oxide  of  iron. 

It  is  inferred  from  the  action  of  caloric  on  the  carbonate 
of  potash,  baryta,  lime,  and  oxide  of  lead,  that  potash  has  a 
stronger  attraction  for  carbonic  acid  than  baryta^  baryta  than 
lime,  and  lime  than  oxide  of  lead.  The  afSnity  of  different 
substances  for  water  may  be  determined  in  a  similar  manner. 

Of  all  chemical  substances,  our  knowledge  of  the  relative 
degrees  of  attraction  of  acids  and  alkalies  for  each  other 
is  the  most  uncertain.  Their  action  on  one  another  is  affect- 
ed by  so  many  circumstances,  that  it  is  in  most  cases  impossi- 
ble, with  certainty,  to  refer  any  effect  to  its  real  cause.  The 
only  methods  that  have  been  hitherto  devised  for  remedying 
this  defect  are  those  of  Berthollet  and  Kirwan.  Both  of 
them  are  founded  on  the  capacities  of  saturation,  and  the  ob- 
lections  which  have  been  urged  to  the  rule  suggested  by  the 
former  philosopher,  apply  equally  to  that  proposed  by  the 
latter.  But  this  uncertainty  is  of  no  great  consequence  in 
practice.  We  know  perfectly  the  order  of  decomposition, 
whatever  may  be  the  actual  forces  by  which  it  is  effected. 
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II.  The  most  interesting  series  of  compounds  is  produced 
by  substances  which  unite  in  a  few  proportions  only ;  and 
which,  in  combining,  lose  more  or  less  completely  the  pro- 
perties that  distinguished  them  when  separate.  Of  these 
bodies,  some  form  but  one  combination.  Thus  there  is  only 
one  compound  of  zinc  and  oxygen,  and  of  chlorine  and  hy- 
drogen. Others  combine  in  two  proportions.  For  example, 
two  compounds  are  formed  by  tin  and  oxygen,  and  by  hydro- 
gen and  oxygen.  Other  bodies  again  unite  in  three,  four,  # 
five,  or  even  six  proportions,  which  is  the  greatest  number  of 
compounds  that  any  two  substances  are  known  to  produce, 
excepting  those  which  belong  to  the  first  division. 

The  combination  of  substances  that  unite  in  a  few  propor- 
tions only,  is  regulated  by  the  three  following  remarkable 
laws:— 

1.  The  First  of  these  Laws  is,  that  the  composition  of 
bodies  is  fixed  and  invariable.  A  compound  substance,  so 
long  as  it  retains  its  characteristic  properties,  always  consists 
of  the  same  elements  united  together  in  the  same  proportion. 
Sulphuric  acid,  for  example,  is  always  composed  of  sulphur 
and  oxygen  in  the  ratio  of  16  parts*  of  the  former  to  24  of 
the  latter :  no  other  elements  can  form  it,  nor  can  it  be  pro- 
duced by  its  own  elements  in  any  other  proportion.  Water, 
in  like  manner,  is  formed  of  1  part  of  hydrogen  and  8  of 
oxygen ;  and  were  these  two  elements  to  unite  in  any  other 
proportion,  some  new  compound,  different  from  water,  would 
be  the  product.  The  same  observation  applies  to  all  other 
substances,  however  complicated,  and  at  whatever  period 
they  were  produced.  Thus,  sulphate  of  baryta,  whether 
formed  ages  ago  by  the  hand  of  nature,  or  quite  recently  by 
the  operations  of  the  chemist,  is  always  composed  of  40  parts 
of  sulphuric  acid  and  76*7  of  baryta.  This  law,  in  fact,  is 
universal  and  permanent.  Its  importance  is  equally  mani- 
fest :  it  is  the  essential  basis  of  chemistry,  without  which  the 
science  itself  could  have  no  existence. 

Two  views  have  been  proposed  by  way  of  accounting  for 
this  law.  The  explanation  now  universally  given  is  confined 
to  a  mere  statement,  that  substances  are  disposed  to  combine 
in  those  proportions  to  which  they  are  so  strictly  limited,  in 
preference  to  any  others ;  it  is  regarded  as  an  ultimate  fact, 

*  By  the  expression  '  parts'  I  alwsy»  mean  iiarts  by  weiglit. 
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that  the  exceptions  thought  to  be  afforded  by  the  phenomena  ^ 
of  solution,  are  rather  apparent  than  real ;  for  it  is  conceiv-   ^  ^ 
able  that  the  apparent  variety  of  proportion,  noticed  in  such  \^ 
cases,   may  arise  from  the  mixture  of  a  few  definite  com«     / 
pounds  with  each  other. 

II.  The  Second  Law  of  Combination  is,  that  the  relative 
quantities  in  which  bodies  unite,  may  be  expressed  by  pro- 
portional  numbers.  Thus,  8  parts  of  oxygen  unite  with  1 
part  of  hydrogen,  16  of  sulphur,  36*45  of  chlorine,  40  of  se- 
lenium, and  108  parts  of  silver.  Such  are  the  quantities  of 
these  five  bodies  which  are  disposed  to  unite  with  8  parts  of 
oxygen ;  and  it  is  found  that  when  they  combine  with  one 
another,  they  unite  either  in  the  proportions  expressed  by 
those  numbers,  or  in  multiples  of  them  according  to  the  third 
law  of  combination.  Sulphuretted  hydrogen,  for  instance,  is 
composed  of  1  part  of  hydrogen  and  16  of  sulphur,  and 
bisulphuretted  hydrogen  of  1  part  of  hydrogen  to  32  of  sul. 
phur ;  35*45  of  chlorine  unite  with  1  of  hydrogen,  16  of  sul- 
phur, and  108  of  silver;  and  40  parts  of  selenium  with  1  of 
hydrogen,  and  16  of  sulphur. 

From  the  occurrence  of  such  proportional  numbers  has 
arisen  the  use  of  certain  terms,  as  Proportion^  Combining 
Proportion^  Proportional^  and  Equivaknty  to  express  them. 
The  latter  term,  introduced  by  Dr.  WoUaston,  and  which  I 
shall  commonly  employ,  was  suggested  by  the  circumstance 
that  the  combining  proportion  of  one  body  is,  as  it  were, 
equivalent  to  that  of  another  body,  and  may  be  substituted 
for  it  in  combination.  These  equivalents  are  often  collected 
in  a  tabular  form,  of  which  a  specimen  is  subjoined ;  and  a 
complete  table  of  the  kind  will  be  found  at  the  end  of  the 
volume.  The  number  placed  in  a  line  with  each  substance 
is  its  equivalent : — 

Hydrogen         ...  1 

Oxygen      .  .8 

Sulphur  ...  16 

Chlorine     ....       35*45 
Selenium  ...  40 

Silver  .108 

This  law  does  not  apply  to  elementary  substances  only, 
since  compound  bodies  have  their  combining  proportions  or 
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soda,  and  baryta.  The  same  fact  is  obvious  with  respect  to 
the  acids ;  for  35*7  of  phosphoric,  40  of  sulphuric,  and  57*7 
of  arsenic  acid  unite  with  28*5  of  lime,  forming  a  neutral 
phosphate,  sulphate,  and  arseniate  of  lime. 

These  circumstances  afford  a  ready  explanation  of  a  curious 
fact,  first  noticed  by  the  Saxon  Chemist  Wenzel ;  namely, 
that  when  two  neutral  salts  mutually  decompose  each  other, 
the  resulting  compounds  are  likewise  neutral.  The  cause  of 
this  fact  is  now  obvious.  If  87*15  parts  of  neutral  sulphate 
of  potassa  are  mixed  with  130*7  of  the  nitrate  of  baryta,  the 
76*7  parts  of  baryta  unite  with  40  of  sulphuric  add,  and  the 
54  parts  of  nitric  acid  of  the  nitrate  combine  with  the  47*15 
of  potassa  of  the  sulphate,  not  a  particle  of  acid  or  alkali 
remaining  in  an  uncombined  condition. 

Snlpb&te  of  PoUsh.  Nitrate  of  Baryta. 

Sulphuric  add     40  54     Nitric  add. 

Potassa  4715  76*7  Baryta. 


8715  130*7 

It  matters  not  whether  more  or  less  than  87.15  parts  of 
sulphate  of  potassa  are  added ;  for  if  more,  a  small  quantity 
of  sulphate  of  potash  will  remain  in  solution ;  if  less,  nitrate 
of  baryta  will  be  in  excess ;  but  in  dther  case  the  neutrality 
will  be  unaffected. 

3.  The  Third  Law  of  Combination  is,  that  when  one  body 

A  unites  with  another  body  B  in  two  or  more  proportions, 

the  quantities  of  the  latter,  united  with  the  same  quantity  of 

the  former,  bear  to  each  other  a  very  simple  ratio.     The 

progress  of  chemical  research,  in  discovering  new  compounds 

and   ascertaining  their  exact  composition,  has   shown  that 

these  ratios  of  B  may  be  represented  by  one  or  other  of  the 

two  following  series:— 

Ist  Series.     A  unites  with  1,  2,  3,  4,  5,  &c.  of  B. 

2iid  Series.  A  unites  with  1, 1^,  2,  2^,  &c.  of  B. 

The  first  series  is  exemplified  by  the  subjoined  compounds. 

Water  is  composed  of    .     Hydrogen    1  Oxygen  8)1 

Bin-oxide  of  Hydrogen  Do.  1     .  Do.  16  >  ^ 
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of  iron  combine  with  one  of  oxygen,  and  another  compound 
be  formed  of  two  equivalents  of  iron  to  three  of  oxygen, 
then  the  oxygen  united  with  the  same  weight  of  iron  would 
have  the  ratio,  as  in  the  table,  of  1  to  1^.  The  compounds 
of  lead  and  phosphorus  with  oxygen  afford  examples  of  the 
same  nature.  Still  more  complex  arrangements  will  be  rea- 
dily conceived,  such  as  3  equivalents  of  one  substance  to 
4f,  5,  (w  more  of  another.  But  it  is  remarkable  that  combi- 
nations of  the  kind  are  very  rare ;  and  even  their  existence, 
though  theoretically  possible,  has  not  been  decidedly  esta- 
bfashed.  £ven  some  of  the  compounds  which  are  usually 
included  in  the  second  series  belong  properly  to  the  first. 
The  sesqui-oxide  of  lead,  for  instance,  appears  in  its  che- 
mical relations  not  so  much  as  a  direct  compound  of  lead  and 
oxygen,  but  as  a  kind  of  salt  formed  by  the  union  of  the  bin- 
oxide  of  lead  with  the  protoxide  of  the  same  metal.  On  this 
supposition  the  two  other  oxides  belong  to  the  first  series. 

The  merit  of  estabUshing  the  first  law  of  combination  seems 
justly  due  to  Wenzel,  a  Saxon  chemist ;  and  the  second  law  A«. . ^  .. */ 
is  alao  dedudble  from  his  experiments  on  the  composition  of  ^  '  ^  -  * ' 
the  salts.  His  work,  entitled  Lehre  der  Verwandtschqft^  was 
published  in  1777.  Bergmann  and  Richter,  a  few  years 
after,  confirmed  the  observations  of  Wenzel,  though  without 
adding  materiaUy  in  the  way  of  generalization.  The  late  Mr. 
H^gins,  also,  in  1789,  speculated  on  the  atomic  constitution 
of  compound  bodies  in  a  manner  which,  if  pursued,  would 
have  led  to  the  discovery  of  Dalton.  It  is  to  the  latter, 
sctenoe  is  indebted  for  deducing  from  the  scattered  facts 
which  had  been  previously  collected,  a  theory  of  chemical 
union,  embracing  the  whole  of  the  science,  and  giving  it 
a  ooosistency  and  form  which  before  his  time  it  had  never 
possessed.  In  his  hands  the  second  law  of  combination  first 
attained  its  fuU  generality ;  but  the  discovery  which  is  more 
peculiarly  his  own,  is  that  part  of  the  third  law  of  combi- 
nation which  is  contained  in  the  first  of  the  two  series  above 
mentioned.  The  first  public  announcement  of  his  views  ap- 
pears to  have  been  made  to  the  Philosophical  Society  of  I'/^j'b 
Manchester  in  1803 ;  and  in  1808  they  were  explained  in  his 
New  System  of  Chemical  Philosophy.  In  the  same  year 
Dr.  WoUaston  and  Dr.  Thomson  gave  their  evidence  in  sup- 
port of  the  new  doctrine,  and  other  chemists  have  followed  in 
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From  the  same  data  calculations,  which  would  otherwise 
be  difficult  or  tedious,  may  be  made  rapidly  and  with  ease, 
without  reference  to  books,  and  frequently  by  a  simple  men-    ^  ;         i 

tal  process.  The  exact  quantities  of  substances  required  to  *^  f^^"^  -  ' 
produce  a  given  effect  may  be  determined  with  certainty, 
thus  affording  information  which  is  often  necessary  to  the 
success  of  chemical  processes,  and  of  great  consequence  both 
in  the  practice  of  the  chemical  arts,  and  in  the  operations  of 
pharmacy. 

The  same  knowledge  affords  a  good  test  to  the  analyst  by 
which  he  may  judge  of  the  accuracy  of  his  result,  and  even 
sometimes  correct  an  analysis  which  he  has  not  the  means  of 
performing  with  rigid  precision.  Thus  a  powerful  argument 
for  the  accuracy  of  an  analysis  is  derived  from  the  cor« 
respondence  of  its  result  with  the  laws  of  chemical  union. 
On  the  contrary,  if  it  form  an  exception  to  them,  we  are 
authorized  to  regard  it  as  doubtful ;  and  may  hence  be  led 
to  detect  an  error,  the  existence  of  which  might  not  otherwise 
have  been  suspected.  If  an  oxidized  body  be  found  to  con- 
tain  one  equivalent  of  the  combustible  with  7*99  of  oxygen, 
it  is  fair  to  infer  that  8,  or  one  equivalent  of  oxygen  would 
have  been  the  result,  had  the  analysis  been  perfect. 

The  composition  of  a  substance  may  sometimes  be  deter- 
mined by  a  calculation,  founded  on  the  laws  of  chemical 
union,  before  an  analysis  of  it  has  been  accomplished.  When 
the  new  alkali  lithia  was  first  discovered,  chemists  did  not 
possess  it  in  sufficient  quantity  for  determining  its  constitu- 
tion analytically.  But  the  neutral  sulphates  of  the  alkalies 
and  earths  are  known  to  be  composed  of  one  equivalent  of 
each  constituent,  and  the  oxides  to  contain  one  equivalent 
oi  oxygen.  If  it  be  found,  therefore,  by  analysis,  that  neu- 
tral sulphate  of  lithia  is  composed  of  40  parts  of  sulphuric 
add  and  18  of  lithia,  it  may  be  inferred,  since  40  is  one  equi-i 
valent  of  the  acid,  that  18  is  the  equivalent  for  lithia;  and 
that  this  oxide  is  formed  of  8  parts  of  oxygen  and  10  of 
lithium. 

The  method  of  determining  equivalent  numbers  will  be     y 
anticipated  from  what  has  already  been  said.      The  com- 
mencement is  made  by  carefully  analyzing   a  definite  com- 
pound of  two  simple  substances  which  possess  an  extensive 
range  of  affinity.     No  two  bodies  are  better  adapted  for  this 
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as  their  unit ;  and  therefore  the  equivalent  of  oxygen  is  8. 
One  of  these  series  may  easily  be  reduced  to  either  of  the 
others  by  an  obvious  and  simple  calculation,  and  it  is  not 
very  material  to  which  of  them  the  preference  is  given.     I  am 

myself  accustomed  to  the  last,  and  adopt  it  in  this  work. 

* 

ON    THE    ATOMIC    THEORY. 

The  brief  sketch  which  has  been  given  of  the  laws  of  com- 
bination will,  I  trust,  ser^'e  to  set  the  importance  of  this  de- 
partment of  chemical  science  in  its  true  light.  It  is  founded, 
as  wiii  have  been  seen,  on  experiment  alone ;  and  the  laws 
which  have  been  stated  are  the  mere  expression  of  fact.  It  is 
not  necessarily  connected  with  any  speculation,  and  may  be 
kept  wholly  free  from  it. 

It  is  not  uncommon,  for  persons  commencing  the  study  of 
chemistry,  to  entertain  a  vague  notion  that  this  department 
of  the  science  comprehends  something  uncertain  and  hypothe- 
tical in  its  nature,  and  to  be  thus  led  to  form  an  erroneous 
idea  of  its  importance.  This  misapprehension  may  easily  be 
traced  to  its  source.  It  was  impossible  to  reflect  on  the  re- 
gularity and  constancy  with  which  bodies  obey  the  laws  a£ 
combination,  without  speculating  about  the  cause  of  that 
regularity ;  and  consequently,  the  facts  themselves  were  no 
sooner  nodced,  than  an  attempt  was  made  to  explain  them. 
Accordingly,  when  Mr.  Dalton  published  his  discovery  of 
those  laws,  he  at  once  incorporated  the  description  of  them 
with  his  notion  of  their  physical  cause,  and  even  expressed 
the  former  in  language  suggested  by  the  latter.  Since  that 
period,  though  several  British  chemists  of  eminence,  and  in 
particular  Dr.  Wollaston  and  Sir  H.  Davy,  recommended 
and  practised  an  opposite  course,  both  subjects  have  been 
bat  too  commonly  comprised  under  the  name  of  atomic 
theory  :  and  hence  it  has  often  happened  that  beginners  have 
nfjected  the  whole  as  hypothetical,  because  they  could  not 
satisfactorily  distinguish  those  parts  which  are  founded  on 
fact,  from  those  which  are  conjectural.  All  such  perplexity 
would  have  been  avoided,  and  this  department  of  the  science 
have  been  far  better  understood,  and  its  value  more  justly 
appreciated,  had  the  discussion  concerning  the  atomic  consti- 
tution of  bodies  been  always  kept  distinct  from  that  of  the 
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two  or  more  atoms  of  one  substance  may  not  combine  with 
2,  3,  4,  5,  or  more  atoms  of  another ;  but,  on  the  contrary, 
these  arrangements  are  necessary  in  explanation  of  the  not 
unfrequent  occurrence  of  half  equivalents,  as  formerly  stated. 
(Page  190.)  Such  combinations  will  also  account  for  the 
complicated  proportion  noticed  in  some  compounds,  especially 
in  many  of  those  belonging  to  the  animal  and  vegetable 
kingdoms. 

In  consequence  of  the  satisfactory  explanation  which  the 
laws  of  chemical  union  receive  by  means  of  the  atomic  theory. 
It  has  become  customary  to  employ  the  term  atom  in  the 
same  sense  as  combining  proportion  or  equivalent.  For  ex- 
ample, instead  of  describing  water  as  a  compound  of  one  equi- 
valent of  oxygen  and  one  equivalent  of  hydrogen,  it  is  said  to 
consist  of  one  atom  of  each  element.  In  like  manner  sul- 
phate of  potash  is  said  to  be  formed  of  one  atom  of  sulphuric 
acid  and  one  atom  of  potash,  the  word  in  this  case  denoting 
as  it  were  a  compound  atom,  that  is,  the  smallest  integral 
particle  of  the  acid  or  alkali ;  a  particle  which  does  not  ad- 
mit of  being  divided,  except  by  the  separation  of  its  elemen- 
tary or  constituent  atoms.  The  numbers  expressing  the 
proportions  in  which  bodies  unite,  must  likewise  indicate, 
consistently  with  this  view,  the  relative  weights  of  atoms ;  and 
accordingly  these  numbers  are  often  called  atomic  weights. 
Thus,  as  water  is  composed  of  eight  parts  of  oxygen  and  one 
of  hydrogen,  it  follows,  on  the  supposition  of  water  consisting 
of  one  atom  of  each  element,  that  an  atom  of  oxygen  must 
be  eight  times  heavier  than  an  atom  of  hydrogen.  If  carbonic 
oxide  be  formed  of  an  atom  of  carbon  and  an  atom  of  oxy- 
gen, the  relative  weight  of  their  atoms  is  as  6  to  8 ;  and  in 
short  the  equivalents  of  all  bodies  may  be  considered  as  ex- 
pressing the  relative  weights  of  their  atoms. 

Though  the  phenomena  of  chemical  combination  leave  little 
doubt  of  the  atomic  constitution  of  matter,  other  powerful, 
arguments  may  now  be  adduced  in  favour  of  this  theory.  Dr. 
WoUaston,  in  his  Essay  on  the  Finite  Extent  of  the  Atmo- 
sphere, (Philos.  Trans,  for  1822,)  has  supported  this  doctrine 
oo  a  new  and  independent  principle,  the  particulars  of  which 
will  be  stated  in  the  section  on  nitrogen.  Another  argument, 
of  much  greater  force,  is  deducible  from  the  peculiar  con- 
nexioQ  noticed  by  Professor  Mitscherlich  between  the  form 
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year  17899  he  observes  (pages  36  and  37)  that  ^^id  volatile 
vitriolic  acid  a  single  ultimate  particle  of  sulphur  is  intimately 
united  only  to  a  single  particle  of  dephlogisticated  air  ;  and 
that,  in  perfect  vitriolic  acid,  every  single  particle  of  sulphur 
is  united  to  two  of  dephlogisticated  air,  being  the  quantity 
necessary  to  saturation;^  and  he  reasons  in  the  same  way 
concerning  the  constitution  of  water  and  the  compounds  of 
nitrogen  and  oxygen.  These  remarks  of  Mr.  Higgins  do  not 
appear  to  have  had  the  slightest  connexion  with  the  subse- 
quent views  of  Mr.  Dalton,  who  in  fact  seems  to  have  never 
seen  the  work  of  Mr.  Higgins  till  after  he  had  given  an 
account  of  his  own  doctrine.  The  observations  of  Mr.  Hig- 
gins, though  highly  creditable  to  his  sagacity,  do  not  afPect 
Mr.  Dalton'^s  merit  as  an  original  observer.  They  were  made, 
moreover,  in  so  casual  a  manner,  as  not  only  not  to  have  at- 
tracted the  notice  of  his  contemporaries,  but  to  prove  that  Mr. 
Higgins  himself  attached  no  particular  interest  to  them.  Mr. 
Dalton^s  chief  merit  conasts  in  having  formed  a  complete 
theory  of  chemical  union,  and  in  the  discovery  of  an  essential 
and  most  important  part  of  the  doctrine,  a  merit  which  is 
solely  and  indisputably  his;  but  in  which  he  would  have  been 
anticipated  by  Mr.  Higgins,  had  that  chemist  perceived  the 
importance  of  his  own  opinions. 

Before  quitting  this  subject,  I  have  much  pleasure  in  re- 
commending a  small  work  on  the  atomic  theory,  lately  pub- 
lished by  Dr.  Daubeny,  which  contains  a  more  extended  view 
of  part  of  the  atomic  theory  than  is  suited  to  the  nature  and 
limits  of  this  volume,  and  which  is  well  worthy  of  perusal. 

ON    THE    THEORY    OF    VOLUMES. 

Soon  after  the  publication  of  the  New  System  of  Chemical  t 

Philosophy  in  1808,  in  which  work  Mr.  Dalton  explained  1 

his  views  of  the  atomic  constitution  of  bodies,  a  paper  ap-  ^ 

peared  in  the  second  volume  of  the  Mimoires  cCArcueily  by 
M.  Gay-Lussac,  on  the  '^  Combination  of  Gaseous  Substances 
with  one  another ."^  He  there  proved  that  gases  unite  toge- 
ther by  volume  in  very  simple  and  definite  proportions. 
In  the  combined  researches  of  himself  and  Humboldt,  those 
gentlemen  found  that  water  is  composed  precisely  of  100 
measures  of  oxyga[i  and  200  measures  of  hydrogen ;  and 
Gay-Lussac,  being  struck  by  this  peculiarly  simple  propor- 
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of  100  volumes  of  oxygen,  and  100  volumes  of  the  vapour  of 
carbon,  condensed  into  the  space  of  100  volumes,  the  specific 
gravity  of  carbonic  add  will  be  1*1111  (the  sp.  gr.  of  oxygen) 
+0*4166=1*5277,  which  is  the  precise  number  determined 
by  experiment.  Again,  it  follows  from  our  assumption,  that 
carbonic  add  is  composed  by  weight  of 

Oxygen      1*1111     .     16  or  2  equivalents. 
Carbon       0*4166  6  or  1  equivalent ; 

and  this  deduction  is  confirmed  by  analysis. 

If  we  assume  that  carbonic  oxide  is  composed  of  50  vo- 
lumes of  oxygen  and  100  volumes  of  the  vapour  of  carbon, 
condensed  into  the  space  of  100  volumes,  then  its  specific 
gravity  will  be  0*5555  (half  the  sp.  gr.  of  oxygen) +0*4166= 
0*9721 ;  and  its  composition  will  be 

Oxygen      0*5555  8  or  1  equivalent. 

Carbon      0*4166  6  or  1  equivalent ; 

both  o{  which  results  have  been  determined  by  other  methods. 

The  compounds  of  carbon  and  hydrogen  are  equally  iUus- 
trative  of  the  same  point  If  light  carburetted  hydrogen  is 
formed  of  200  volumes  of  hydrogen  and  100  volumes  of  the 
vapour  of  carbon,  condensed  into  100  volumes,  its  spedfic 
gravity  should  be  0*1388  (twice  the  sp.  gr.  of  hydrogen) 
+0*4166=0*5554;  and  its  composition  by  weight  will  be 

Hydrogen  0*1388  2  or  2  eq. 

Carbon  0*4166  6  or  1  eq. 

If  100  volumes  of  olefiaut  gas  are  composed  of  200  volumes 
of  hydrogen  and  200  of  the  vapour  of  carbon,  its  spedfic 
gravity  will  be  01388+0-8332=0*9720;  and  its  compo- 
sition by  weight  must  be 

Hydrogen  0*1388  2  or  2  eq. 

Carbon     .  0*8332  12  or  2  eq. 

Both  of  these  results  have  been  ascertained  by  analysis. 

Another  remarkable  fact  established  by  Oay-Lussac  in  the 
same  paper  is»  that  the  diminution  of  bulk  which  gases  fre- 
quently suffer  in  combining,  is  also  in  a  very  simple  ratio. 
Thus,  the  4  volumes  of  which  ammonia  is  constituted,  (3 
volumes  of  hydrogen  and  1  of  nitrogen)  contract  to  one-half 


ON    THE    LAWS   OF   COMBINATION.  SOS 

oxygen,  hydrogen,  and  nitrogen  gases,  air  being  1,  may  be 
thus  estimated : 

Oxygen  11111 

Hydrogen  00694 

Nitrogen  09722 

It  has  been  proved  by  analysis  that  200  volumes  of  ammo* 
niacal  gas  are  composed  of  300  volumes  of  hydrogen  and  100 
volumes  of  nitrogen,  a  fact  fopm  which  the  specific  gravity  of 
that  alkali  may  be  calculated. 

Thus,  0-9722+ (00694 x3)=11804 

1*1804 

—7 — =0*2961,  the  specific  gravity  which  ammoniacal  gas 

should  have,  if  its  constituent  gases  sufiered  no  contraction  ; 

but  as  they  contract  to  one-half,  the  real  specific  gravity  is 

double  what  it  otherwise  would  be,  that  is  0*5902.     Now, 

if  by  weighing  a  certain  quantity  of  ammoniacal  gas,  the 

same  number  is  procured  for  its  specific  gravity,  there  is  a 

very  strong  presumption  that  the  elements  of  the  calculation 

are  correct. 

Nitric  oxide  is  composed  of  100  volumes  of  nitrogen  and 

100  volumes  of  oxygen,  united  without  any  contraction  ;  and 

forming,  consequently,  200  volumes  of  the  compound.     Its 

specific  gravity  must,  therefore,  be  the  mean  of  its  com- 

M111+ 0-9722      ^^^^^     ^,  , 

ponents,  or 5 =  1*041  o.     1  he  correspondence 

of  this  number  with  that  found  by  weighing  the  gas  itself, 
affords  powerful  testimony  that  the  density  of  oxygen  and 
nitrc^eu  gases  has  been  correctly  determined.  It  is  obvious, 
indeed,  that  the  calculated  results,  as  being  free  from  the  un- 
avoidable errors  of  manipulation,  must  be  the  more  accurate, 
provided  the  elements  of  the  calculation  may  be  trusted. 

Dr.  Henry  has  proved  by  careful  analysis  that  100  volumes 
of  light  carburetted  hydrogen  gas,  a  compound  of  carbon  and 
hydrogen,  require  200  volumes  of  oxygen  for  complete  com- 
bustion ;  that  water  and  carbonic  acid  are  the  sole  products ; 
and  that  the  latter  amounts  precisely  to  100  volumes.  From 
these  data,  the  proportions  of  its  constituents  and  its  specific 
gravity  may  be  determined.  For  100  volumes  of  carbonic 
add  contain  100  volumes  of  the  vapour  of  carbon,  which  must 
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and  the  specific  gravity  of  these  gases  would  depend  on  the 
relative  weight  of  their  atoms.     The  same  numbers  which 
indicate  the  specific  gravity  of  elementary  principles  in  the 
gaseous  state,  would  then  express  the  relative  weights  of  their 
atoms ;  so  that  the  latter  would  be  ascertained  by  means  of 
the  former,  or  the  atomic  weight  of  a  solid  or  liquid  represent 
the  specific  gravity  of  its  vapour.    The  proportional  numbers 
adopted  by  Sir  H.  Davy  in  his  Elements  of  Chemical  Philo- 
sophy, and  the  atomic  weights  employed  by  Berzelius  in  his 
System  of  Chemistry,  were  selected  in  accordance  with  this 
view.     Thus  water  being  formed  of  2  measures  of  hydrogen 
and  1  measure  of  oxygen,  is  believed  by  Berzelius  to  consist 
of  2  atoms  of  the  former  and  1  atom  of  the  latter ;  and  for  a 
similar  reason,  he  regards  protoxide  of  nitrogen  as  a  com- 
pound  of  2  atoms  of  nitrogen  and  1  atom  of  oxygen.     The 
atoms  and  volumes  of  the  four  elementary  gases,  oxygen, 
chlorine,  hydrogen,  and  nitrogen,  are  thus  made  to  coincide 
with  each  other.    This  method,  though  perhaps  preferable  to 
any  other,  has  not  hitherto  been  generally  followed.     Most 
chemists  consider  water,  protoxide  of  chlorine,  and  protoxide 
of  nitrogen,  as  containing  one  atom  of  each  of  their  elements ; 
and  consequently,  as  these  compounds  consist  of  1  measure  of 
oxygen  united  with  2  measures  of  the  other  constituent,  the 
atom  of  hydrogen,   chlorine,   and  nitrogen  is  supposed  to 
occupy  twice  as  much  space  as  an  atom  of  oxygen.     An 
atom  of  oxygen  is  therefore  represented  by  half  a  volume, 
and  an  atom  of  the  other  three  gases  by  a  whole  volume. 

Dr.  Prout,  in  an  ingenious  Essay  *'  On  the  Relation  be- 
tween the  Specific  Gravities  of  Bodies  in  their  Oaseous  State 
and  the  Weights  of  their  Atoms,*"  published  in  the  6th 
volume  of  the  Annals  of  Philosophy,  (Old  Series,  p.  321,) 
considers  it  probable  that  the  same  relation,  which  is  thought 
to  exist  between  the  atoms  and  volumes  of  the  four  elemen- 
tary gases,  may  hold  equally  of  the  vapours  of  the  other 
elements.  Thus  in  representing  the  atom  of  oxygen  by  half 
a  volume,  he  believes  the  atoms  of  the  other  elementary  prin- 
ciples, such  aa  iodine,  carbon,  and  sulphur,  correspond  to  a 
whole  volume  of  their  vapour.  From  this  he  has  deduced  a 
mode  of  calculating  the  specific  gravity  of  any  vapour  from 
the  atomic  weight  of  the  body  which  yields  it.  The  rule 
consisto  in  multiplying  0*5555,  or  half  the  specific  gravity  of 
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Oxygen  gas  was  discoTered  by  Priestley  in  1774,  and  by 
Scbeele  a  year  or  two  after,  without  previous  knowledge  of 
Priestley ""s  discovery.  Several  appellations  have  been  given 
to  it.  Priestley  named  it  Dephlogisticaied  air ;  it  was  called 
Empyreal  air  by  Scheele,  and  Vital  air  by  Ck)ndorcet.  The 
name  it  now  bears,  derived  from  the  Greek  words  o^  acid 
and  ywniai  I  generate^  was  proposed  by  Lavoisier,  from  the 
supposition  that  it  is  the  sole  cause  of  acidity. 

Oxygen  gas  may  be  obtained  from  several  sources.  The 
peroxide  of  manganese,  lead,  and  mercury,  nitre,  and  chlo- 
rate of  potash,  yield  it  in  large  quantity  when  they  are  ex- 
posed to  a  red  heat.  The  substances  commonly  employed 
for  the  purpose  are  peroxide  of  manganese  and  chlorate  of 
potash.  It  may  be  procured  from  the  former  in  two  ways ; 
either  by  heating  it  to  redness  in  a  gun-barrel,  or  in  a  retort 
of  iron  or  earthenware ;  or  by  putting  it,  in  the  state  of  fine 
powder,  into  a  flask  with  about  an  equal  weight  of  concen- 
trated sulphuric  acid,  and  heating  the  mixture  by  means  of  a 
lamp.  To  understand  the  theory  of  these  processes,  it  is  ne- 
cessary to  bear  in  mind  the  composition  of  the  three  following 
oxides  of  manganese : 

Manganese.  Oxygen. 

Protoxide  27*7  or  1  equiv.  -I-     8  =35-7 

Sesquioxide     .         27*7  +  12       .  =39'7 

Peroxide  277  +   16       .  =43  7 

On  applying  a  red  heat  to  the  last,  it  parts  with  half  an 
equivalent  of  oxygen,  and  is  converted  into  the  sesquioxide. 
Every  43*7  grains  of  the  peroxide  will  therefore  lose,  if  quite 
pure,  4  grains  of  oxygen,  or  nearly  12  cubic  inches ;  and  one 
ounce  will  yield  about  128  cubic  inches  of  gas.  The  action 
of  sulphuric  acid  is  different.  The  peroxide  loses  a  whole 
equivalent  of  oxygen,  and  is  converted  into  the  protoxide, 
which  unites  with  the  acid,  forming  a  sulphate  of  the  prot- 
oxide of  manganese.  Every  43*7  grains  of  peroxide  must 
consequently  yield  8  grains  of  oxygen  and  35*7  of  protoxide, 
which  by  uniting  with  one  equivalent  (40)  of  the  acid,  forms 
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75*7  of  the  sulphate.     The  first  of  these  processes  is  the  most 
convenient  in  practice. 

The  gas  obtained  from  peroxide  of  manganese,  though 
hardly  ever  quite  pure,  owing  to  the  presence  of  iron,  carbo- 
nate of  lime,  and  other  earthy  substances,  is  sufficiently  good 
for  ordinary  purposes.  It  yields  a  gas  of  better  quality,  if 
previously  freed  from  carbonate  of  lime  by  dilute  muriatic 
or  nitric  acid ;  but  when  oxygen  of  great  purity  is  required, 
it  is  better  to  obtain  it  from  chlorate  of  potash.  For  this 
purpose,  the  salt  should  be  put  into  a  retort  of  green  glass,  or 
of  white  glass  made  without  lead,  and  be  heated  nearly  to 
redness.  It  first  becomes  liquid,  though  quite  free  from 
water,  and  then,  on  increase  of  heat,  is  wholly  resolved  into 
pure  oxygen  gas,  which  escapes  with  effervescence,  and  into  a 
white  compound,  called  chloride  of  potassium,  which  is  left  in 
the  retort.  The  theory  of  the  decomposition  is  as  follows. 
Chlorate  of  potash  is  composed  of 

Chloric  acid  75"4j6  or  1  equivalent. 
Potash  47*15  or  1  equivalent. 

122-60 
These  compounds  are  thus  constituted : — 

Chlorine     .     35'45  or  1  eq.       Potassium  39*15  or  1  eq. 
Oxygen      .40       or  5  eq.       Oxygen        8       or  1  eq. 

Chloric  acid  75*45  or  1  eq.       Potash        47*15  or  1  eq. 

Hence  the  oxygen  which  passes  over  from  the  retort,  is  de- 
rived partly  from  the  potash  and  partly  from  the  chloric 
acid ;  while  chlorine  and  potassium  enter  into  combination. 
Thus  are  122*6  grains  of  the  chlorate  resolved  into  74*6 
grains  of  chloride  of  potassium,  and  48  grains,  or  about  161 
cubic  inches,  of  pure  oxygen. 

Oxygen  gas  is  colourless,  has  neither  taste  nor  smell,  is 
not  chemically  aflPected  by  the  imponderables,  refracts  light 
very  feebly,  and  is  a  non-conductor  of  electricity.  It  is  the 
most  perfect  negative  electric  that  we  possess,  always  appear- 
ing at  the  positive  pole  when  any  compound  which  contains 
it  is  exposed  to  the  action  of  galvanism.  It  emits  light,  as 
well  as  heat,  when  suddenly  and  forcibly  compressed ;  but 
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Thenard  has  shown  that  the  light  is  entirely  owing  to  the 
combustion  of  the  oil  with  which  the  compressing  tube  is 
lubricated.  When  not  united  with  other  ponderable  matter, 
it  is  always  in  the  form  of  gas ;  but  even  in  this  its  purest 
state  it  is  probably  combined,  as  is  most  likely  true  of  all 
elementary  principles,  with  heat,  light,  and  electricity. 

Oxygen  gas  is  heavier  than  atmospheric  air.  Its  specific 
gravity  is  not  yet  known  with  the  desired  precision,  the  prin- 
cipal estimates  varying  from  1*1026,  that  of  Dulong  and  Ber- 
selius,  to  1*111  as  given  by  Dr.  Thomson.  In  waiting  for 
the  more  precise  information  which  chemists  anticipate  from 
the  present  labours  of  Dr.  Prout,  I  shall  continue  to  use  the 
number  of  Dr.  Thomson.  Agreeably  to  this  estimate,  100 
cubic  inches,  when  the  thermometer  is  at  60°  F.  and  the 
barometer  stands  at  30  inches,  weigh  34*454  grains. 

Oxygen  gas  is  very  sparingly  absorbed  by  water,  100  cubic 
inches  of  that  liquid  dissolving  only  three  or  four  of  the  gas. 
It  has  neither  add  nor  alkaline  properties;  for  it  does  not 
change  the  colour  of  blue  flowers,  nor  does  it  evince  a  disposi- 
tion to  unite  directly  either  with  acids  or  alkalies.  It  has  a 
very  powerful  attraction  for  most  simple  substances;  and 
there  is  not  one  of  them  with  which  it  may  not  be  made  to 
combine.  The  act  of  combining  with  oxygen  is  called  oxidO' 
iioHy  and  bodies  which  have  united  with  it  are  said  to  be 
oxidized.  The  compounds  so  formed  are  divided  by  chemists 
into  adds  and  oxides.  The  former  division  includes  those 
compounds  which  possess  the  general  properties  of  acids ; 
and  the  latter  comprehends  those  which  not  only  want  that 
character,  but  of  which  many  are  highly  alkaline,  and  yield 
salts  by  uniting  with  acids.  The  phenomena  of  oxidation  are 
variable.  It  is  sometimes  produced  with  great  rapidity,  and 
with  evolution  of  heat  and  light.  Ordinary  combustion,  for 
instance,  is  nothing  more  than  rapid  oxidation ;  and  all  in- 
flammable or  combustible  substances  derive  their  power  of 
burning  in  the  open  air  from  their  affinity  for  oxygen.  On 
other  occasions  it  takes  place  slowly,  and  without  any  appear- 
ance dther  of  heat  or  light,  as  is  exemplified  by  the  rusting 
of  iron  when  exposed  to  a  moist  atmosphere.  Different  as 
these  processes  may  appear,  oxidation  is  the  result  of  both  ; 
and  both  depend  on  the  same  circumstance,  namely,  the  pre- 
sence of  oxygen  in  the  atmosphere. 
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All  substances  that  are  capable  of  burning  in  the  open  air, 
bum  with  far  greater  brilliancy  in  oxygen  gas.  A  piece  of 
wood,  on  which  the  least  spark  of  light  is  visible,  bursts  into 
flame  the  moment  it  is  put  into  a  jar  of  oxygen ;  lighted 
charcoal  emits  beautiful  scintillations ;  and  phosphorus  burns 
with  so  powerful  and  dazzling  a  light  that  the  eye  cannot 
bear  its  impression.  Even  iron  and  steel,  which  are  not  com- 
monly ranked  among  the  inflammables,  undergo  rapid  com- 
bustion  in  oxygen  gas. 

The  changes  that  accompany  these  phenomena  are  no  less 
remarkable  than  the  phenomena  themselves.  When  a  lighted 
taper  is  put  into  a  vessel  of  oxygen  gas,  it  bums  for  a  while 
with  increased  splendour;  but  the  size  of  the  flame  soon 
begins  to  diminish,  and  if  the  mouth  of  the  jar  be  properly 
secured  by  a  cork,  the  light  will  in  a  short  time  disappear 
entirely.  The  gas  has  now  lost  its  characteristic  property  ; 
for  a  second  lighted  taper,  immersed  in  it,  is  instantly  extin- 
guished. This  result  is  general.  The  burning  of  one  body 
in  a  given  portion  of  oxygen  unfits  it  more  or  less  completely 
for  supporting  the  combustion  of  another ;  and  the  reason  is 
manifest.  Combustion  is  produced  by  the  combination  of 
inflammable  matter  with  oxygen  gas.  The  quantity  of  free 
oxygen,  therefore,  diminishes  during  the  process,  and  is  at 
length  nearly  or  quite  exhausted.  The  burning  of  all  bodies, 
however  inflammable,  must  then  cease,  because  the  presence 
of  oxygen  is  necessary  to  its  continuance.  For  this  reason 
oxygen  gas  is  called  a  supporter  of  combustion.  The  oxygen 
often  loses  its  gaseous  form  as  well  as  its  other  properties. 
If  phosphorus  or  iron  be  burned  in  a  jar  of  pure  oxygen 
over  water  or  mercury,  the  disappearance  of  the  gas  becomes 
obvious  by  the  ascent  of  the  liquid,  which  is  forced  up  by  the 
pressure  of  the  atmosphere,  and  fills  the  vessel.  Sometimes, 
on  the  contrary,  the  oxygen  suffers  only  diminution  of 
volume,  or  it  may  even  undergo  no  change  of  bulk  at  all,  as 
is  exemplified  by  the  combustion  of  the  diamond. 

The  changes  experienced  by  the  burning  body  are  equally 
striking.  While  the  oxygen  loses  its  power  of  supporting 
combustion,  the  inflammable  substance  lays  aside  its  com- 
bustibility. It  is  then  an  oxidized  body,  and  cannot  be  made 
to  bum  even  by  aid  of  the  purest  oxygen.  It  has  also  in- 
creased in  weight.     It  is  an  error  to  suppose  that  bodies  lose 
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any  thing  while  they  burn.  The  materials  of  our  fires  and 
candles  do  indeed  disappear,  but  they  are  not  destroyed. 
Although  they  fly  off  in  the  gaseous  form,  and  are  commonly 
lost  to  us,  it  is  not  difficult  to  collect  and  preserve  all  the 
products  of  combustion.  When  this  is  done  with  requisite 
car^  it  is  constantly  found  that  the  combustible  matter 
weighs  more  after  than  before  combustion ;  and  that  the  in- 
crease in  weight  is  exactly  equal  to  the  quantity  of  oxygen 
which  has  disappeared  during  the  process. 

Oxygen  gas  is  necessary  to  respiration.  No  animal  can 
Uye  in  an  atmosphere  which  does  not  contain  a  certain  por- 
tion of  uncombined  oxygen ;  for  an  animal  soon  dies  if  put 
into  a  portion  of  air  from  which  the  oxygen  has  been  pre- 
viously removed  by  a  burning  body.  It  may  therefore  be 
antidpated  that  oxygen  is  consumed  during  respiration.  If 
a  bird  be  confined  in  a  limited  quantity  of  atmospheric  air  it 
will  at  first  feel  no  inconvenience ;  but  as  a  portion  of  oxygen 
is  withdrawn  at  each  inspiration^  its  quantity  diminishes  ra* 
pjdlj,  so  that  respiration  soon  becomes  laborious,  and  in  a 
short  time  ceases  altogether.  Should  another  bird  be  then 
introduced  into  the  same  air,  it  will  die  in  the  course  of  a  few 
seconds ;  or  if  a  lighted  candle  be  immersed  in  it,  its  flame 
will  be  extinguished.  Respiration  and  combustion  have 
therefore  the  same  effect.  An  animal  cannot  live  in  an  at- 
mosphere which  is  unable  to  support  combustion;  nor,  in 
general,  can  a  candle  bum  in  air  which  contains  too  little 
oxygen  for  respiration. 

It  is  singular  that,  though  oxygen  is  necessary  to  respira* 
ticMi,  in  a  state  of  purity  it  is  deleterious.  When  an  animal, 
as  a  rabbit  for  example,  is  supplied  with  an  atmosphere  of 
pure  oxygen  gas,  no  inconvenience  is  at  first  perceived ;  but 
after  the  interval  of  an  hour  or  more  the  circulation  and 
respiration  become  very  rapid,  and  the  system  in  general  is 
highly  excited.  Symptoms  of  debility  subsequently  ensue, 
followed  by  insensibility ;  and  death  ensues  in  six,  ten,  or 
twelve  hours.  On  examination  after  death,  the  blood  is 
found  highly  florid  in  every  part  of  the  body,  and  the  heart 
acts  strongly  even  after  the  breathing  has  ceased.  For  these 
experiments  we  are  indebted  to  Mr.  Broughton. 
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be  combustible,  and  is  then  a  dephlogisticated  or  incombusti- 
ble substance.  A  metallic  oxide  was  consequently  regarded 
as  a  simple  substance,  and  the  metal  itself  as  a  compound  of 
its  oxide  with  phlogiston.  The  heat  and  light  which  accom- 
pany combustion  were  attributed  to  the  rapidity  with  which 
phlogiston  is  evolved  during  the  process. 

The  discovery  of  oxygen   proved  fatal  to  the   Stahlian 
doctrine.    Lavoisier  had  the  honour  of  overthrowing  it,  and  of 
substituting  in  its  place  the  antiphlogistic  theory.     The  basis 
of  his  doctrine  has  already  been  stated ; — that  combustion 
and  oxidation  in  general  consist  in  the  combination  of  com- 
bustible matter  with  oxygen.     This  fact  he  established  be- 
yond a  doubt.     On  burning  phosphorus  in  a  jar  of  oxygen, 
he  observed  that  a  considerable  quantity  of  the  gas  disap- 
peared, that  the  phosphorus   gained   materially  in  weight, 
and  that  the  increase  of  the  latter  exactly  corresponded  to  the 
loss  of  the  former.     An  iron  wire  was  burnt  in  a  similar  man- 
ner, and  the  weight  of  the  oxidized  iron  was  found  equal  to 
that  of  the  wire  originally  employed,  added  to  the  quantity 
of  oxygen  which  had  disappeared      That  the  oxygen  is  really 
present  in  the  oxidized  body  he  proved  by  a  very  decisive 
experiment.     Some  liquid  mercury  was  confined  in  a  vessel 
of  oxygen  gas,  and  exposed  to  a  temperature  suiRcient  for 
causing  its  oxidation.     The  oxide  of  mercury,  so  produced, 
was  put  into  a  small  retort  and  heated  to  redness,  when  it 
was  reconverted  into  oxygen  and  fluid  mercury,  the  quantity 
of  the  oxygen  being  exactly  equal  to  that  which  had  com- 
bined with  the  mercury  in  the  first  part  of  the  operation. 

To  account  for  the  production  of  heat  and  light  during 
combustion,  Lavoisier  had  recourse  to  Dr.  Black^s  Theory  of 
latent  caloric.  Heat  is  always  evolved,  whenever  a  substance, 
without  change  of  form,  passes  from  a  rarer  into  a  denser 
state,  and  also  when  a  gas  becomes  liquid  or  solid,  or  a  liquid 
solidifies ;  because  a  quantity  of  caloric  previously  combined, 
cnr  latent,  within  it,  is  then  set  free.  Now  this  is  precisely 
what  happens  in  many  instances  of  combustion.  Thus  water 
is  formed  by  the  burning  of  hydrogen,  in  which  case  two 
gases  give  rise  to  a  liquid ;  and  in  forming  phosphoric  acid 
with  phosphorus,  or  in  oxidizing  metals,  oxygen  is  condensed 
into  a  solid.  When  the  product  of  combustion  is  gaseous,  as 
in  the  burning  of  charcoal,  the  evolution  of  heat  is  ascribed 
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for  the  preoent,  be  satisfied  with  the  simple  statement,  that 
energetic  chemical  action  does  of  itself  give  rise  to  increase  of 
temperature.  Berzelius,  in  adopting  the  electro-chemical 
theory,  regards  the  heat  of  combination  as  an  electrical  phe- 
nomenon ;  and  he  beUeires  it  to  arise  from  the  oppositely 
electrical  substances  neutralizing  one  another,  in  the  same 
manner  as  the  electric  equilibrium  is  restored  during  the  dis- 
charge of  a  Leyden  phial.  But  I  cannot  satisfactorily  per- 
ceive the  analogy  :  according  to  my  comprehension  of  the 
electHMshemical  doctrine,  bodies  are  not  oppositely  electric 
until  in  the  act  of  combining,  and  the  compound  is  per- 
manent only  so  long  as  its  elements  are  oppositely  excited. 
(Page  131.) 

The  caloric  emitted  during  combustion  varies  with  the  na^ 
ture  of  the  material.  The  effect  of  the  combustible  gases  in 
raising  the  temperature  of  water,  according  to  the  experi- 
ments of  Dr.  Dalton,  is  shown  in  the  following  table. — (Che- 
mical Philosophy,  II.  309.) 

Hydrogen,  in  burning,  raises  an  equal  volume  of  water  5°  F. 
Carbonic  oxide  •  .4^ 

Light  carburetted  hydrogen       ...  18 

Olefiant  gas  .27 

Coal  gas,  varies  with  the  quality  of  the  gas  from  10  to  16 
Oil  gas,  varies  also  with  the  quaUty  of  the  gas  from  12  to  20. 

Dr,  Dalton  further  states  that  generally  the  combustible 
gases  give  out  heat  nearly  in  proportion  to  the  oxygen  which 
they  consume. 

In  the  thirty-seventh  volume  of  the  An.  de  Ch.  et  Ph.  page 
180,  M.  Despretz  has  given  a  notice  of  some  experiments  on 
the  heat  developed  in  combustion.  The  substances  burned 
were  hydrogen,  carbon,  phosphorus,  and  several  metals ;  and 
so  much  of  each  was  employed,  as  to  require  the  same  quan* 
tity  of  oxygen.  When  the  combustion  of  hydrogen  gas  pro- 
duced  2578  degrees  of  heat,  carbon  gave  out  2967,  and  iron 
5325.  Phosphorus,  zinc,  and  tin,  emit  quantities  of  caloric 
very  nearly  the  same  as  iron.  Hence  it  follows  that,  for 
equal  quantities  of  oxygen,  hydrogen  in  burning  evolves  less 
beat  than  most  other  substances.  These  results  do  not  accord 
with  those  of  Dalton. 
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obtaiD  hydrogeu  of  great  purity,  distilled    zinc   should  be 

employed. 

Hydrogen  is  a  colourless  gas,  and  has  neither  odour  nor 
taste  when  perfectly  pure.  It  is  a  powerful  refractor  of 
light.  Like  oxygen,  it  cannot  be  resolved  into  more  simple 
parts,  and,  like  that  gas,  has  hitherto  resisted  all  attempts  to 
compress  it  into  a  liquid.  It  is  the  lightest  body  in  nature, 
and  is  consequently  the  best  material  for  filling  balloons. 
From  its  extreme  lightness  it  is  difficult  to  ascertain  its 
precise  density  by  weighing,  because  the  presence  of  minute 
quantities  of  common  air  or  watery  vapour  occasions  con- 
siderable error.  From  the  composition  of  water,  hydrogen 
gas  is  inferred  to  be  sixteen  times  lighter  than  oxygen  ;  and 
the  weight  of  100  cubic  inches  at  60^,  and  thirty  inches  of 
the  barometer,  should  therefore  be  ^\Y^9  or  2*153  grains. 
Its  specific  gravity  is  consequently  0*0694,  as  stated  some 
years  ago  by  Dr.  Prout. 

Hydrogen  does  not  change  the  blue  colour  of  vegetables. 
It  is  sparingly  absorbed  by  water,  100  cubic  inches  of  that 
liquid  dissolving  about  one  and  a  half  of  the  gas.  It  cannot 
support  respiration ;  for  an  animal  soon  perishes  when  con- 
fined in  it.  Death  ensues  from  deprivation  of  oxygen  rather 
than  from  any  noxious  quality  of  the  hydrogen,  since  an 
atmosphere  composed  of  a  due  proportion  of  oxygen  and 
hydrogen  gases  may  be  respired  without  inconvenience.  Nor 
is  it  a  supporter  of  combustion  ;  for  when  a  lighted  candle 
fixed  on  wire  is  passed  up  into  an  inverted  jar  full  of  hydro- 
gen, the  light  disappears  on  the  instant. 

Hydrogen  gas  is  inflammable  in  an  eminent  degree,  though, 
like  other  combustibles,  it  requires  the  aid  of  a  supporter  for 
enabling  its  combustion  to  take  place.  This  is  exemplified 
by  the  experiment  above  alluded  to,  in  which  the  gas  is 
kindled  by  the  flame  of  a  candle,  but  bums  only  where  it  is 
in  contact  with  the  air.  Its  combustion,  when  conducted  in 
this  manner,  goes  on  tranquilly,  and  is  attended  with  a  yel- 
lowish blue  flame  and  a  very  feeble  light.  The  phenomena 
are  different  when  the  hydrogen  is  previously  mixed  with  a 
due  quantity  of  atmospheric  air.  The  approach  of  flame  not 
only  sets  fire  to  the  gas  near  it,  but  the  whole  is  kindled  at 
the  same  instant ;  and  a  flash  of  light  passes  through  the 
mixture,  followed   by  a  violent  explosion.     The  best  pro- 
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Sir  H.  Davy  observed  that  oxygen  and  hydrogen  gases  unite 
slowly  with  one  another,  when  they  are  exposed  to  a  tem- 
perature above  the  boiling  point  of  mercury,  and  below  that 
at  which  glass  begins  to  appear  luminous  in  the  dark.  An 
explosive  mixture  diluted  with  air  to  too  great  a  degree  to 
explode  by  electricity,  is  made  to  unite  silently  by  a  succes- 
sion of  electric  sparks.  Spongy  platinum  causes  them  to 
unite  slowly,  though  mixed  with  one  hundred  times  their 
bulk  of  oxygen  gas. 

A  large  quantity  of  caloric  is  evolved  during  the  com- 
bustion o{  hydrogen  gas.  Lavoisier  concludes  from  experi* 
ments  made  with  his  calorimeter,  (Elements,  vol.  i.)  that 
one  pound  of  hydrogen  occasions  as  much  heat  in  burning  as 
is  sufficient  to  melt  295 '6  pounds  of  ice.  Dr.  Dal  ton  fixes 
the  quantity  of  ice  at  320  pounds,  and  Dr.  Crawford  at  480. 
The  most  intense  heat  that  can  be  produced,  is  caused  by 
the  combustion  of  hydrogen  in  oxygen  gas.  Dr.  Hare  of 
Philadelphia,  who  first  burned  hydrogen  for  this  purpose, 
collected  the  gases  in  separate  gas-holders,  from  which  a 
stream  was  made  to  issue  through  tubes  communicating  with 
each  other,  just  before  their  termination.  At  this  point  the 
jet  <^  the  mixed  gases  was  inflamed.  The  effect  of  the  com- 
bustion, though  very  great,  is  materially  increased  by  forcing 
the  two  gases  in  due  proportion  into  a  strong  metallic  vessel 
by  means  of  a  condensing  syringe,  and  setting  fire  to  a  jet  of 
the  mixture  as  it  issues.  An  apparatus  of  this  kind,  now 
known  by  the  name  of  the  oxy-hydrogen  blowpipe,  was  con- 
trived by  Mr.  Newman,  and  employed  by  the  late  Professor 
Clarke  in  his  experiments  on  the  fusion  of  refractory  sub- 
stances. On  opening  a  stop-cock  which  confines  the  com- 
pressed gases,  a  jet  of  the  explosive  mixture  issues  with  force 
through  a  small  blowpipe  tube,  at  the  extremity  of  which  it 
is  kindled.  In  this  state,  however,  the  apparatus  should 
never  be  used;  for  as  the  reservoir  is  itself  full  of  an  ex- 
plosive mixture,  there  is  great  danger  of  the  flame  running 
back  along  the  tube,  and  setting  fire  to  the  whole  gas  at 
once.  To  prevent  the  occurrence  of  such  an  accident,  which 
would  most  probably  prove  fatal  to  the  operator.  Professor 
Cumming  proposed  that  the  gas,  as  it  issues  from  the  reser- 
voir, should  be  made  to  pass  through  a  cylinder  full  of  oil  or 
water  before  reaching  the  point  at  which  it  is  to  burn  ;  and 
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rate  vessels,  they  obtained  precisely  two  measures  of  hydro- 
gen and  one  of  oxygen, — a  result  which  has  been  fully  con« 
firmed  by  subsequent  experimenters.  The  same  fact  was 
proved  synthetically  by  Gay-Lussac  and  Humboldt,  in  their 
Essay  on  Eudiometry,  published  in  the  Journal  de  Physique 
for  1806.  They  found  that  when  a  mixture  of  oxygen  and 
hydrogen  is  inflamed  by  the  electric  spark,  those  gases  always 
unite  in  the  exact  ratio  of  one  to  two,  whatever  may  be  their 
relative  quantity  in  the  mixture.  When  one  measure  of 
oxygen  is  mixed  with  three  of  hydrogen,  one  measure  of  hy- 
drogen remains  after  the  explosion;  and  a  mixture  of  two 
measures  of  oxygen  and  two  of  hydrogen  leaves  one  measure 
of  oxygen.  When  one  volume  of  oxygen  is  mixed  with  two 
of  hydrogen,  both  gases,  if  quite  pure,  disappear  entirely  on 
the  electric  spark  being  passed  through  them.  The  composi- 
tion of  water  by  weight  was  determined  with  great  care  by 
Berzelius  and  Dulong ;  and  we  cannot  hesitate,  considering 
the  known  dexterity  of  the  operators,  and  the  principle  on 
which  their  method  of  analysis  was  founded,  to  regard  their 
result  as  a  nearer  approximation  to  the  truth  than  that  of 
any  of  their  predecessors.  They  state,  as  a  mean  of  three 
careful  experiments,  (Ann.  de.  Ch.  et  de  Ph.  vol.  xv.)  that 
100  parts  of  pure  water  consist  of  88'9  of  oxygen  and  11-1  of 
hydrogen.     Now, 

111  :  88-9  :  :  1  :  8009 

which  is  so  near  the  proportion  of  1  to  8  as  to  justify  the 
adoption  of  that  ratio.  Hence,  the  constitution  of  water  by 
weight  and  measure,  may  be  thus  stated : 

By  Weight.      By  Volume. 

Oxygen    .  -8^      .         1 

Hydrogen        .1.2 

These  are  the  data  from  which  it  was  inferred  that  oxygen 
gas  is  just  16  times  heavier  than  hydrogen.  The  atomic 
weights  of  oxygen  and  hydrogen  are  deduced  from  the  same 
analysis.  As  no  compound  of  these  substances  is  known 
which  has  a  less  proportion  of  oxygen  than  water,  it  is  sup- 
posed to  contain  one  atom  of  each  of  its  constituents.  This 
view  of  the  atomic  constitution  of  water  appears  to  be  jus- 
tified  by  the   strong   aflinity  which  its  elements  evince  for 
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was,  that  the  affinity  of  the  add  for  oxide  of  zikic  disposed 
the  metal  to  unite  with  oxygen,  and  thus  enabled  it  to  de- 
compose water ;  that  is,  the  oxide  of  zinc  was  supposed  to 
produce  an  effect  previous  to  its  existence.  The  obscurity  of 
this  explanation  arises  from  regarding  changes  as  consecutive, 
which  are  in  reality  simultaneous.  There  is  no  appearance 
of  succession  in  the  process ;  the  oxide  of  zinc  is  not  formed 
previously  to  its  combination  with  the  acid,  but  at  the  same 
instant.  There  is,  as  it  were,  only  one  chemical  change, 
which  consists  in  the  combination  at  one  and  the  same  mo- 
ment  of  zinc  with  oxygen,  and  of  oxide  of  zinc  with  the  acid ; 
and  this  change  occurs  because  these  two  affinities,  acting  to- 
gether, overcome  the  attraction  of  oxygen  and  hydrogen  for 
one  another. 

Water  is  a  transparent  colourless  liquid,  which  has  neither 
srneU  nor  taste.  It  is  a  powerful  refractor  of  light,  conducts 
heat  very  slowly,  and  is  an  imperfect  conductor  of  electricity. 
The  experiments  of  Oersted  and  CuUadon  and  Sturm  have 
proved  that  water  is  compressible  by  great  pressure ;  and  ac* 
to  the  latter  observers,  its  absolute  diminution  for 

;h  atmosphere  is  51 '3  million ths  of  its  volume.  (An  de  Ch. 
et  Ph.  XXX vi.  140.)  The  relations  of  water,  with  respect  to 
caloric,  are  highly  important ;  but  they  have  already  been 
discussed  in  the  first  part  of  the  work.  The  specific  gravity 
of  water  is  1,  the  density  of  all  solid  and  liquid  bodies  being 
referred  to  it  as  a  term  of  comparison.  One  cubic  inch,  at 
ISP  F.  and  30  inclies  of  the  barometer,  weighs  252*458 
grains;  so  that  it  is  815  times  heavier  than  atmospheric  air. 

Water  is  one  of  the  most  powerful  chemical  agents  which 
we  possess.  Its  agency  is  owing  partly  to  the  extensive 
range  of  its  own  affinity,  and  partly  to  the  nature  of  its  ele- 
ments. The  effect  of  the  last  circumstance  has  already  ap- 
peared in  the  process  for  procuring  hydrogen  gas ;  and  in- 
deed there  are  few  complex  chemical  changes  which  do  not 
give  rise  either  to  the  production  or  decomposition  of  water* 
But,  independently  of  the  elements  of  which  it  is  composed, 
it  combines  directly  with  many  bodies.  Sometimes  it  is  con- 
tained in  a  variable  ratio,  as  in  ordinary  solution ;  in  other 
compounds  it  is  present  in  a  fixed  definite  proportion,  as  is 
exemplified  by  its  union  with  several  of  the  acids,  the  al- 
kah'es,  and  all   salts  that  contain  water    of   crystallization. 
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Drs.  Dalton  and  Henry  for  nitrous  oxide,  according  to  the 
experiments  of  Sir  H.  Davy,  is  considerably  beyond  the 
truth. 

BIN-OXIDE   OF    HYDROGEN. 

The  bin-oxide  or  peroxide  :of  hydrogen  was  discovered  by 
Thenard  in  the  year  1818.  Before  describing  the  mode  of 
preparing  this  compound,  it  must  be  observed  that  there  are 
two  oxides  of  barium ;  and  that  when  the  peroxide  of  that 
metal  is  put  into  water  containing  free  muriatic  acid,  oxygen 
gas  18  set  at  liberty,  and  the  peroxide  is  converted  into  pro^ 
toxide  of  barium  or  baryta,  which  combines  with  the  acid. 
When  this  process  is  conducted  with  the  necessary  precau- 
tions, the  oxygen  which  is  set  free,  instead  of  escaping  in  the 
form  of  gas,  unites  with  the  hydrogen  of  the  water,  and 
brings  it  to  a  maximum  of  oxidation.  For  a  full  detail  of  all 
the  minutise  of  the  process,  the  reader  may  consult  the  ori. 
ginal  memoir  of  Thenard  ;*  the  general  directions  are  the  fol- 
lowing:— ^To  six  or  seven  ounces  of  water  add  so  much  pure 
concentrated  muriatic  acid  as  is  su£Scient  to  dissolve  230 
grains  of  baryta ;  and  after  having  placed  the  mixed  fluids 
in  a  glass  vessel  surrounded  with  ice,  add  in  successive  por- 
tions 185  grains  of  peroxide  of  barium  reduced  to  powder, 
and  stir  with  a  glass  rod  after  each  addition.  When  the  so- 
lution, which  takes  place  without  e£Pervescence,  is  complete, 
sulphuric  add  is  added  in  sufficient  quantity  for  precipitating 
the  whole  of  the  baryta  in  the  form  of  an  insoluble  sulphate ; 
in  order  that  the  muriatic  add,  which  had  been  combined 
with  that  earth,  may  be  completely  separated  from  it.  An- 
other portion  of  peroxide  of  barium,  amounting  to  185 
grains  ia  then  put  into  the  liquid ;  the  free  muriatic  add  in- 
stantly acts  upon  it,  and  as  soon  as  it  is  dissolved,  the  baryta 
u  again  converted  into  sulphate  by  the  addition  of  sulphuric 
add.  The  solution  is  then  filtered,  in  order  to  separate  the 
insoluble  sulphate  of  baryta ;  and  fresh  quantities  of  perox- 
ide of  barium  are  added  in  succession,  till  about  three  ounces 
have  been  employed.  The  liquid  then  contains  from  25  to 
30  times  its  volume  of  oxygen  gas.  The  muriatic  acid  which 
has  served  to  decompose  the  peroxide  of  barium  during  the 

*  In  tlie  An.  de  Cbtm.  el  de  Phys.  toI.  viii.  ix.  and  z ;  Annali  of  PhiloMphy. 
vol.  liii.  and  xiv.  ;  and  M.  Thenaid^s  Trait^  de  Chimie. 
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dmrion  is  essential  for  producing  rapid  decomposition.  If 
the  metal  is  in  mass,  and  the  peroxide  diluted  with  water, 
the  action  is  slow.  The  metals  which  have  a  strong  affinity 
for  oxygen  are  oxidized  at  the  same  time,  such  as  potassium, 
sodium,  arsenic,  molybdenum,  manganese,  zinc,  tungsten, 
and  chromium  ;  while  others,  such  as  gold,  silver,  platinum, 
iridium,  osmium,  rhodium,  palladium,  and  mercury,  retain 
the  metallic  state. 

Peroxide  of  hydrogen  is  decomposed  at  common  tempera- 
tures by  many  of  the  metallic  oxides.  That  some  protoxides 
should  have  this  effect,  would  be  anticipated  in  consequence 
of  their  tendency  to  pass  into  a  higher  state  of  oxidation. 
The  protoxide  of  iron,  manganese,  tin,  cobalt,  and  others,  act 
on  this  principle,  and  are  really  converted  into  peroxides. 
The  peroxide  of  barium,  strontium,  and  calcium  may  likewise 
be  formed  by  the  action  of  peroxide  of  hydrogen  on  baryta, 
strontia,  and  lime.  But  it  is  a  singular  fact,  and  I  am  not 
aware  that  any  satisfactory  explanation  of  it  has  been  given, 
that  some  oxides  decompose  peroxide  of  hydrogen  without 
passing  into  a  higher  degree  of  oxidation.  The  peroxide  of 
silver,  lead,  mercury,  gold,  platinum,  manganese,  and  cobalt, 
possess  this  property  in  the  greatest  perfection,  acting  on 
peroxide  of  hydrogen,  when  concentrated,  with  surprising 
energy.  The  decomposition  is  complete  and  instantaneous ; 
oxygen  gas  is  evolved  so  rapidly  as  to  produce  a  kind  of  ex- 
ploaioD,  and  such  intense  temperature  is  excited,  that  the 
gUfls  tube  in  which  the  experiment  is  conducted  becomes  red- 
hot.  The  reaction  is  very  great  even  when  the  peroxide  of 
hydrogen  is  diluted  with  water.  Oxide  of  silver  occasions 
very  perceptible  effervescence  when  put  into  water  which 
contains  only  1-dOth  of  its  bulk  of  oxygen.  All  the  metallic 
oxides,  which  are  decomposed  by  a  red  heat,  such  as  those  of 
gold,  platinum,  silver,  and  mercury,  are  reduced  to  the  me* 
tallic  state  when  they  act  upon  peroxide  of  hydrogen.  This 
eftet  cannot  be  altogether  ascribed  to  caloric  disengaged 
durii^  the  action ;  for  oxide  of  silver  suffers  reduction  when 
pat  into  a  very  dilute  solution  of  the  peroxide,  although  the 
decomposition  is  not  then  attended  by  an  appreciable  rise  of 
temperature. 

While  the  tendency  of  metals  and  metallic  oxides  is  to  de- 
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compose  the  peroxide  of  hydrogen,  acids  have  the  property 
of  rendering  it  more  stable.  In  proof  of  this,  let  a  portion 
of  that  liquid,  somewhat  diluted  with  water,  be  heated  till  it 
begins  to  effervesce  from  the  escape  of  oxygen  gas ;  let  some 
strong  acid,  as  the  nitric,  sulphuric,  or  muriatic,  be  then 
dropped  into  it,  and  the  effervescence  will  cease  on  the  instant. 
When  a  little  finely  divided  gold  is  put  into  a  weak  solution 
of  peroxide  of  hydrogen,  containing  only  10,  20,  or  30  times 
its  bulk  of  oxygen,  brisk  effervescence  ensues ;  but  on  letting 
one  drop  of  sulphuric  acid  fall  into  it,  effervescence  ceases  in- 
stantly; it  is  reproduced  by  the  addition  of  potash,  and  is 
again  arrested  by  adding  a  second  portion  of  acid.  The  only 
acids  that  do  not  possess  this  property  are  those  that  have  a 
low  degree  of  acidity,  as  carbonic  and  boracic  acids ;  or  those 
which  suffer  a  chemical  change  when  mixed  with  peroxide  of 
hydrogen,  such  as  hydriodic  and  sulphurous  adds,  and  sul- 
phuretted hydrogen.  Acids  appear  to  increase  the  stability 
of  the  peroxide  in  the  same  way  as  water  does,  namely,  by 
combining  chemically  with  it.  Several  compounds  of  this 
kind  were  formed  by  Thenard,  before  he  was  aware  of  the 
existence  of  the  peroxide  of  hydrogen.  They  were  made  by 
dissolving  peroxide  of  barium  in  some  dilute  acid,  such  as  the 
nitric,  and  then  precipitating  the  baryta  by  sulphuric  acid. 
As  nitric  acid  was  supposed  under  these  circumstances  to 
combine  with  an  additional  quantity  of  oxygen,  Thenard 
applied  the  term  oxygenized  nitric  acid  to  the  resulting  com- 
pound, and  described  several  other  new  acids  under  a  similar 
title.  But  the  subsequent  discovery  of  peroxide  of  hydrogen 
put  the  nature  of  the  oxygenized  acids  in  a  clearer  light ; 
for  their  properties  are  easily  explicable  on  the  supposition 
that  they  are  composed,  not  of  acids  and  oxygen  gas,  but  of 
acids  united  with  peroxide  of  hydrogen. 

Peroxide  of  hydrogen  was  analysed  by  diluting  a  known 
weight  of  it  with  water,  and  then  decomposing  it  by  boiling 
the  solution.  According  to  two  careful  analyses,  conducted 
on  this  principle,  864  parts  of  the  peroxide  are  composed  of 
466  of  water,  and  398  of  oxygen  gas.  The  466  of  water 
contain  414  of  oxygen,  whence  it  may  be  inferred  that  per- 
oxide of  hydrogen  contains  twice  as  much  oxygen  as  water. 
A  small  deficiency  of  oxygen  in  this  experiment  was  to  be 
expected,  owing  to  the  difficulty  of  obtaining  peroxide  of 
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hydrogen  perfectly  free  from  water.     The  peroxide  consists, 
therefore,  of 

Hydrogen         1     or     1  equivalent ; 

Oxygen  16    or    2  equivalents. 

SECTION  V. 

NITROGEN. 

The  existence  of  nitrogen  gas,  as  distinct  from  every  other 
gaseous  substance,  appears  to  have  been  first  noticed  in  the 
year  1773  hy  the  late  Dr.  Rutherford  of  Edinburgh.  La- 
voisier discovered  in  1775  that  it  is  a  constituent  part  of  the 
atmosphere ;  and  the  same  discovery  was  made  soon  after,  or 
about  the  same  time,  by  Scheele.  Lavoisier  called  it  Azote 
from  a  privativej  and  ^evi)  life,  because  it  is  unable  to  support 
the  respiration  of  animals ;  but  as  it  possesses  this  negative 
property  in  common  with  most  other  gases,  the  more  appro- 
priate term  nitrogen  has  been  since  applied  to  it,  from  the 
circumstance  of  its  being  an  essential  ingredient  of  nitric 
acid. 

Nitrogen  is  most  conveniently  prepared  by  burning  a  piece 
of  phosphorus  in  a  jar  full  of  air  inverted  over  water.  The 
strong  affinity  of  phosphorus  for  oxygen  enables  it  to  burn  till 
the  whole  of  that  gas  is  consumed.  The  product  of  the  com- 
bustion, pyro-phosphoric  acid,  is  at  first  difiused  through  the 
residue  in  the  form  of  a  white  doud  ;  but  as  this  substance 
is  rapidly  absorbed  by  water,  it  disappears  entirely  in  the 
course  of  half  an  hour.  The  residual  gas  is  nitrogen,  con- 
taining a  small  quantity  of  carbonic  acid  and  vapour  of 
phosphorus,  both  of  which  may  be  removed  by  agitating  it 
briskly  with  a  solution  of  pure  potash.  Several  other  sub- 
stances maj  be  employed  for  withdrawing  oxygen  from  at- 
mospheric air.  A  solution  of  proto-sulphate  of  iron,  charged 
with  bin-oxide  of  nitrogen,  absorbs  the  oxygen  in  the  space 
of  a  few  minutes*  A  stick  of  phosphorus  produces  the 
same  effect  in  24  hours,  if  exposed  to  a  temperature  of  60°  F. 
A  solution  of  sulphuret  of  potash  or  lime  acts  in  a  similar 
manner ;  and  a  mixture  of  equal  parts  of  iron  filings  and 
sulphur,  made  into  a  paste  with  water,  may  be  employed  with 
the  same  intention.  Both  these  processes,  however,  arc  in- 
convenient from  their  slowness.     Nitrogen  gas  may  likewise 
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Drs.  Dalton  and  Henry  for  nitrous  oxide,  according  to  the 
experiments  of  Sir  H.  Davy,  is  considerably  beyond  the 
truth. 

BIN-OXIDE   OF   HYDROGEN. 

The  bin-oxide  or  peroxide  :of  hydrogen  was  discovered  by 
Thenard  in  the  year  1818.  Before  describing  the  mode  of 
preparing  this  compound,  it  must  be  observed  that  there  are 
two  oxides  of  barium ;  and  that  when  the  peroxide  of  that 
metal  is  put  into  water  containing  free  muriatic  acid,  oxygen 
gas  is  set  at  liberty,  and  the  peroxide  is  converted  into  pro^ 
toxide  of  barium  or  baryta,  which  combines  with  the  acid. 
When  this  process  is  conducted  with  the  necessary  precau- 
tions, the  oxygen  which  is  set  free,  instead  of  escaping  in  the 
form  of  gas,  unites  with  the  hydrogen  of  the  water,  and 
brings  it  to  a  maximum  of  oxidation.  For  a  full  detail  of  all 
the  minutiae  of  the  process,  the  reader  may  consult  the  ori- 
ginal memoir  of  Thenard;*  the  general  directions  are  the  fol- 
lowing : — ^To  six  or  seven  ounces  of  water  add  so  much  pure 
eonoeDtrated  muriatic  add  as  is  sufficient  to  dissolve  230 
grains  of  baryta ;  and  after  having  placed  the  mixed  fluids 
in  a  glass  vessel  surrounded  with  ice,  add  in  successive  por- 
tions 185  grains  of  peroxide  of  barium  reduced  to  powder, 
and  stir  with  a  glass  rod  after  each  addition.  When  the  so- 
lution, which  takes  place  without  effervescence,  is  complete, 
sulphuric  add  is  added  in  sufficient  quantity  for  predpitating 
the  whole  of  the  baryta  in  the  form  of  an  insoluble  sulphate ; 
in  order  that  the  muriatic  add,  which  had  been  combined 
with  that  earth,  may  be  completely  separated  from  it.  An- 
other portion  of  peroxide  of  barium,  amounting  to  185 
grains  is  then  put  into  the  liquid ;  the  free  muriatic  acid  in. 
stantly  acts  upon  it,  and  as  soon  as  it  is  dissolved,  the  baryta 
is  again  converted  into  sulphate  by  the  addition  of  sulphuric 
acid.  The  solution  is  then  filtered,  in  order  to  separate  the 
insoluble  sulphate  of  baryta ;  and  fresh  quantities  of  perox- 
ide of  barium  are  added  in  succession,  till  about  three  ounces 
have  been  employed.  The  liquid  then  contains  from  25  to 
90  times  its  volume  of  oxygen  gas.  The  muriatic  acid  which 
has  served  to  decompose  the  peroxide  of  barium  during  the 

*  la  the  An.  d«  Chim.  et  de  Phys.  toI.  vw.  ix.  and  x  ;  Annalt  of  Philosophy, 
vol.  xni.  and  xtv.  ;  and  M.  Thenard's  Traits  de  Chimie. 
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dWision  is  essential  for  producing  rapid  decomposition.  If 
the  metal  is  in  mass,  and  the  peroxide  diluted  with  water, 
the  action  is  slow.  The  metals  which  have  a  strong  affinity 
for  oxygen  are  oxidized  at  the  same  time,  such  as  potassium, 
sodium,  arsenic,  molybdenum,  manganese,  zinc,  tungsten, 
and  chromium  ;  while  others,  such  as  gold,  silver,  platinum, 
iridium,  osmium,  rhodium,  palladium,  and  mercury,  retain 
the  metallic  state. 

Peroxide  of  hydrogen  is  decomposed  at  common  tempera^ 
tures  by  many  of  the  metallic  oxides.     That  some  protoxides 
should  have  this  effect,  would  be  anticipated  in  consequence 
ot  their  tendency  to  pass  into  a  higher  state  of  oxidation. 
The  protoxide  of  iron,  manganese,  tin,  cobalt,  and  others,  act 
on  this  principle,  and  are  really  converted  into  peroxides. 
The  peroxide  of  barium,  strontium,  and  calcium  may  likewise 
be  formed  by  the  action  of  peroxide  of  hydrogen  on  baryta, 
strontia,  and  lime.     But  it  is  a  singular  fact,  and  I  am  not 
aware  that  any  satisfactory  explanation  of  it  has  been  given, 
that  some  oxides  decompose  peroxide  of  hydrogen  without 
passing  into  a  higher  degree  of  oxidation.     The  peroxide  of 
silver,  lead,  mercury,  gold,  platinum,  manganese,  and  cobalt, 
possess  this  property  in  the  greatest  perfection,  acting  on 
peroxide  of  hydrogen,  when   concentrated,  with  surprising 
energy.     The  decomposition  is  complete  and  instantaneous  ; 
oxygen  gas  is  evcdved  so  rapidly  as  to  produce  a  kind  of  ex- 
plosion,  and  sudi  intense  temperature  is  excited,  that  the 
glass  tube  in  which  the  experiment  is  conducted  becomes  red- 
hot.    The  reaction  is  very  great  even  when  the  peroxide  of 
hydrogen  is  diluted  with  water.     Oxide  of  silver  occasions 
very  perceptible  effervescence  when  put  into  water  which 
contains  only  l-50th  o{  its  bulk  of  oxygen.     All  the  metallic 
oxides,  which  are  decomposed  by  a  red  heat,  such  as  those  of 
gold,  platinum,  silver,  and  mercury,  are  reduced  to  the  me- 
tallic state  when  they  act  upon  peroxide  of  hydrogen.    This 
eifeet  cannot  be  altogether  ascribed  to  caloric  disengaged 
during  the  action ;  for  oxide  of  silver  suffers  reduction  when 
put  into  a  very  dilute  solution  of  the  peroxide,  although  the 
decomposition  is  not  then  attended  by  an  appreciable  rise  of 
temperature. 

While  the  tendency  of  metals  and  metallic  oxides  is  to  dc- 
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hydrogen  perfectly  free  from  water.     The  peroxide  consists, 
therefore,  of 

Hydrogen         1     or     1  equivalent  ; 

Oxygen  16    or    2  equivalents. 


SECTION  V. 

NITROGEN. 

The  existence  of  nitrogen  gas,  as  distinct  from  every  other 
gaseous  substance,  appears  to  have  been  first  noticed  in  the 
year  1772  by  the  late  Dr.  Rutherford  of  Edinburgh.  La- 
voisier discovered  in  1775  that  it  is  a  constituent  part  of  the 
atmosphere ;  and  the  same  discovery  was  made  soon  after,  or 
about  the  same  time,  by  Scheele.  Lavoisier  called  it  Azote 
from  a  privativty  and  ^on^  life,  because  it  is  unable  to  support 
the  respiration  of  animals ;  but  as  it  possesses  this  negative 
property  in  common  with  most  other  gases,  the  more  appro- 
priate term  nitrogen  has  been  since  applied  to  it,  from  the 
circumstance  o(  its  being  an  essential  ingredient  of  nitric 
acid. 

Nitrogen  is  most  conveniently  prepared  by  burning  a  piece 
of  phosphorus  in  a  jar  full  of  air  inverted  over  water.  The 
strong  aflSnity  of  phosphorus  for  oxygen  enables  it  to  bum  till 
the  whole  of  that  gas  is  consumed.  The  product  of  the  com- 
bustion, pyro-phosphoric  acid,  is  at  first  diffused  through  the 
residue  in  the  form  of  a  white  cloud  ;  but  as  this  substance 
is  rapidly  absorbed  by  water,  it  disappears  entirely  in  the 
course  of  half  an  hour.  The  residual  gas  is  nitrogen,  con- 
taining a  small  quantity  of  carbonic  acid  and  vapour  of 
phosphorus,  both  of  which  may  be  removed  by  agitating  it 
briskly  with  a  solution  of  pure  potash.  Several  other  sub- 
stances may  be  employed  for  withdrawing  oxygen  from  at- 
mosfJieric  air.  A  solution  of  proto-sulphate  of  iron,  charged 
with  bin-oxide  of  nitrogen,  absorbs  the  oxygen  in  the  space 
of  a  few  minutes.  A  stick  of  phosphorus  produces  the 
same  effect  in  24  hours,  if  exposed  to  a  temperature  of  60^  F. 
A  solution  of  sulphuret  of  potash  or  lime  acts  in  a  similar 
manner ;  and  a  mixture  of  equal  parts  of  iron  filings  and 
sulphur,  made  into  a  paste  with  water,  may  be  employed  with 
the  same  intention.  Both  these  processes,  however,  are  in- 
convenient from  their  slowness.     Nitrogen  gas  may  likewise 
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the  former,  from  its  levity,  can  hardly  be  supposed  to  contain 
a  metal,  it  was  inferred  that  it  must  be  present  in  the  latter. 
Unfortunately  for  this  argument,  the  supposed  metal  cannot 
be  obtained  in  a  separate  state.  The  amalgam  no  sooner 
ceases  to  be  under  galvanic  influence  than  its  elements  begin 
to  separate  spontaneously,  and  in  a  few  minutes  decomposi- 
tion is  complete,  the  sole  products  being  ammonia,  hydrogen, 
and  pure  mercury.  Sir  H.  Davy  accounts  for  this  change  on 
the  supposition  that  water  is  decomposed ;  that  its  oxygen 
reproduces  nitrogen  by  uniting  with  the  supposed  metal ; 
and  that  one  part  of  its  hydrogen  forms  ammonia  by  uniting 
with  the  nitrogen,  while  the  remainder  escapes  in  the  form  of 
gas.  But  Gay^Lussac  and  Thenard  (Recherches  Physico- 
Chimiques,  vol.  i.)  declare  that  the  amalgam  resolves  itself 
into  mercury,  ammonia,  and  hydrogen^  even  though  perfectly 
free  from  moisture ;  and  they  infer  from  their  experiments 
that  it  is  composed  of  those  three  substances  combined  directly 
with  each  other.  It  hence  appears  that  the  examination  of 
the  ammoniacal  amalgam  affords  no  proof  of  the  compound 
nature  of  nitrogen ;  nor  was  Sir  H.  Davy's  attempt  to  decom- 
pose that  gas  by  aid  of  potassium,  intensely  heated  by  a  gal- 
vanic current,  attended  with  better  success.  Berzelius  has 
defended  the  idea  that  nitrogen  is  a  compound  body  on  other 
principles ;  but  as  his  arguments,  though  very  ingenious,  are 
merely  speculative,  they  cannnot  be  admitted  as  decisive  of 
the  question. 

ON   THE   ATMOSPHERE. 

The  earth  is  every  where  surrounded  by  a  mass  of  gaseous 
matter  called  the  atmosphere,  which  is  preserved  at  its  sur- 
face by  the  force  of  gravity,  and  revolves  together  with  it 
around  the  sun.  It  is  colourless  and  invisible,  excites  neither 
taste  nor  smell  when  pure,  and  is  not  sensible  to  the  touch 
unless  when  it  is  in  motion.  It  possesses  the  physical  proper- 
ties of  elastic  fluids  in  a  high  degree.  Its  specific  gravity  is 
unity,  being  the  standard  with  which  the  density  of  all 
gaseous  substances  is  compared.  It  is  815  times  lighter  than 
water,  and  nearly  11065  times  lighter  than  mercury.  The 
knowledge  of  its  exact  weight  is  an  essential  element  in  many 
physical  and  chemical  researches,  and  has  been  lately  deter- 
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to  half  a  poand.     This  law  was  first  demonstrated  in  1662  by 
the  celebrated  Boyle,  and  a  second  demonstration  of  it  was 
given  some  years  afterwards  by  the  French  philosopher  M. 
Mariotte,  apparently  without  being  aware  that  the  discovery 
had  been  previously  made  in  England.     It  is  hence  frequently 
called  the  law  of  Mariotte.     Till  lately  it  had  not  been  verified 
for  very  great  pressures ;  but  from  the  experiments  of  Oersted 
in  1826,  who  extended  his  observations  to  air  compressed  by 
a  force  equal  to  110  atmospheres,  it  may  be  inferred  to  be 
quite  general,  except  when  the  gaseous  matter  assumes  the 
liquid  form.     (Eklinb.  Journal  of  Science,  IV.  224.)     It  has, 
indeed,  been  recently  stated  by  M.  Despretz  that  the  easily 
condensible  gases  vary  from  this  law,  diminishing  under  in- 
crease of  pressure  much  more  rapidly  than  atmospheric  air; 
but  the  detail  of  his  experiments  has  not,  I  believe,  been  pub- 
lished.    (An.  de  Ch.  et  Ph.  xxxiv.  335  and  443.)     At  what 
pressure  air  becomes  liquid  is  uncertain,  since  all  attempts  to 
condense  it  have  hitherto  been  unsuccessful. 

The  extreme  compressibility  and  elasticity  of  the  air  ac- 
counts for  the  facility  with  which  it  is  set  in  motion,  and  the 
velocity  with  which  it  is  capable  of  moving.  It  is  subject  to 
the  laws  which  characterize  elastic  fluids  in  general.  It 
presses,  therefore,  equally  on  every  side;  and  when  some 
parts  of  it  become  lighter  than  the  surrounding  portions,  the 
denser  particles  rush  rapidly  into  their  place  and  force  the 
more  rarefied  ones  to  ascend.  The  motion  of  air  gives  rise  to 
various  familiar  phenomena.  A  stream  or  current  of  air  is 
wind,  and  an  undulating  vibration  excites  the  sensation  of 
sound. 

The  atmosphere  is  not  of  equal  density  at  all  its  parts. 
This  is  obvious  from  the  consideration,  that  those  portions 
which  are  next  the  earth  sustain  the  whole  pressure  of  the 
atmosphere,  while  the  higher  strata  bear  only  a  part.  The 
atmospheric  column  diminishes  in  length  as  the  distance  from 
the  earth^s  surface  increases ;  and,  consequently,  the  greater 
the  elevation,  the  lighter  must  be  the  air.  It  is  not  known 
to  what  height  the  atmosphere  extends.  From  calculations 
founded  on  the  phenomena  of  refraction,  its  height  is  sup- 
posed to  be  about  45  miles ;  and  Dr.  WoUaston  estimated, 
from  the  law  of  expansion  of  gases,  that  it  must  extend  to  at 
least  40  miles  with  properties  unimpaired  by  rarefaction.    In 
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the  extent  of  ours  to  be  limited,  it  scarcely  follows,  I  appre- 
hend, that  much  weight  can  be  attached  to  the  argument 
The  tension  or  elasticity  of  gaseous  matter  is  lessened  by  two 
causes,  diminution  of  pressure,  and  reduction  of  temperature. 
The  former  alone  was  taken  into  account  by  Dr.  WoUaston ; 
but  as  the  tendency  of  the  latter  to  deprive  gases  of  their 
elastic  form  is  now  fully  established,  it  appears  to  me  that 
the  extreme  cold  which  is  admitted  to  prevail  in  the  higher 
regions  of  the  air,  may  of  itself  be  a  condition  sufficient  to 
put  a  limit  to  the  extent  of  the  atmosphere.  Some  very  in- 
genious remarks  have  been  made  on  this  subject  by  Mr. 
Graham.     (Philos.  Mag.  and  Annals,  i.  107.) 

The  temperature  of  the  atmosphere  varies  with  its  eleva- 
tion.   Gaseous  fluids  permit  radiant  matter  to  pass  freely 
through  them  without  any  absorption,  and  therefore  without 
their  temperature  being  influenced  by  its  passage.     The  at- 
mosphere is  not  heated  by  transmitting  the  rays  of  the  sun. 
The  air  receives  its  caloric  solely  from  the  earth,  and  chiefly 
by  actual  contact ;  so  that  its  temperature  becomes  progres- 
sively lower,  as  the  distance  from  the  general  mass  of  the 
earth  increases.    Another  circumstance  which  contributes  to 
the  same  effect,  is  the  increasing  tenuity  of  the  atmosphere ; 
for  the  temperature  of  rarefied  air  is  less  raised  by  a  given 
quantity  of  heat,  than  that  of  the  same  portion  of  air  when 
compressed,  owing  to  its  specific  caloric  being  greater  in  the 
former  state  than  in  the  latter.     From  the  joint  influence  of 
both  these  causes  it  is  found  that,  Jn  ascending  into  the  at- 
mosphere, the  temperature  diminishes  at  the  rate  of  one  de- 
gree for  about  every  300  feet.     The  rate  of  decrease  is  pro- 
bably much  slower  at  considerable  distances  from  the  earth ; 
but  still  there  is  no  reason  to  doubt  that  the  temperature 
oontiDues  to  decrease  with  the  increasing  elevation.     There 
must  consequently  in  every  latitude  be  a  point,  where  the 
thennonieter  never  rises  above  32°,  and  where  ice  is  never 
liquefied.     This  point  varies  with  the  latitude,  being  highest 
within  the  tropics,  and  descending  gradually  as  we  advance 
towards  the  poles.     The  following  table,  from  the  Supple- 
ment to  the  Encyclopedia  Britannica,  page  190,  article  Cli- 
mate, shows  the  point  of  perpetual  ice  corresponding  to  differ- 
ent latitudes. 
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water.  The  bin-oxide  of  nitrogen,  employed  by  Priestley, 
removes  all  the  oxygen  in  the  course  of  a  few  seconds ;  but 
for  reasons  which  will  soon  be  mentioned,  its  indications  are 
very  apt  to  be  fallacious.  The  combustion  of  phosphorus, 
as  well  as  the  gradual  oxidation  of  that  substance,  acts  in 
a  very  uniform  manner,  and  removes  the  whole  of  the  oxygen 
completely.  The  residual  nitrogen  contains  a  little  of  the 
vapour  of  phosphorus,  which  increases  the  bulk  of  that  gas 
by  1.40th,  for  which  an  allowance  must  be  made  in  esti- 
mating the  real  quantity  of  nitrogen. 

Since  chemists  have  learned  the  precautions  to  be  taken  in 
the  analysis  of  the  air,  a  close  correspondence  has  been  ob- 
served in  the  results  of  their  experiments  upon  it.  The  re- 
searches  of  Davy,  Dalton,  6ay-Lussac,  Thomson,  and  others, 
leave  no  doubt  that  100  measures  of  pure  atmospheric  air 
consist  of  twenty  or  twenty-one  volumes  of  oxygen,  and 
eighty  or  seventy-nine  of  nitrogen.  Dr.  Thomson  fixes  the 
quantity  of  oxygen  at  twenty  per  cent ;  and  the  reasons  he 
has  assigned  for  regarding  this  estimate  as  more  accurate 
than  the  other,  appear  satisfactory.  The  oxygen  was  deter- 
mined (First  Principles  of  Chemistry,  vol.  i.  p.  97,)  by  mix- 
ing with  the  air  a  quantity  of  hydrogen,  sufficient  to  convert 
all  the  oxygen  present  into  water,  and  kindling  the  mixture 
by  the  electric  spark.  Water  is  formed  and  is  condensed  ; 
and  since  that  liquid  is  composed  of  one  volume  of  oxygen 
and  two  of  hydrogen,  one  third  of  the  diminution  must  give 
the  exact  quantity  of  oxygen.  This  process  is  so  easy  of 
execution,  and  so  uniform  in  its  indications,  that  it  is  now 
employed  nearly  to  the  total  exclusion  of  all  others. 

Such  is  the  constitution  of  pure  atmospheric  air.  But  the 
atmosphere  is  never  absolutely  pure ;  for  it  always  contains  a 
certaiD  variable  quantity  of  carbonic  acid  and  watery  vapour, 
besides  the  odoriferous  matter  of  flowers  and  other  volatile 
substances,  which  are  also  frequently  present.  Saussure 
found  carbonic  acid  in  air  collected  at  the  top  of  Mont 
Blanc ;  aod  it  exists  at  all  altitudes  which  have  been  hitherto 
attained.  Theodore  Saussure,  in  a  recent  essay,  states  the 
proportion  of  this  gas  to  vary  at  the  same  place  within  short 
intervals  of  time.  It  is  greater  in  summer  than  in  winter; 
and  from  observations  made  during  spring,  summer,  and 
autumn,  in  the  open  fields  and  in  calm  weather,  its  proportion 
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as  that  of  the  lowest  valleys.  The  air  of  Egypt  was  found 
by  Berthcdiet  to  be  similar  to  that  of  France.  The  air  which 
Ghiy-Lussac  brought  from  an  altitude  of  21,735  feet  above 
the  earth,  had  the  same  composition  as  that  collected  at  a 
short  distance  from  its  surface.  Even  the  miasmata  of 
marshes,  and  the  effluvia  of  infected  places,  owe  their  noxious 
qualities  to  some  principle  of  too  subtile  a  nature  to  be  de- 
tected by  chemical  means,  and  not  to  a  deficiency  of  oxygen. 
Seguin  examined  the  infectious  atmosphere  of  an  hospital,  the 
odour  of  which  was  almost  intolen^le,  and  could  discover  no 
appreciable  deficiency  of  oxygen,  or  other  peculiarity  of  com* 
position. 

The  question  has  been  much  discussed  whether  the  oxygen 
and  nitrogen  gases  of  the  atmosphere  are  simply  intermixed, 
or  chemicaUy  comlnned  with  each  other.  Appearances  are  at 
first  view  greatly  in  favour  of  the  latter  opinion.  Oxygen 
and  nitrogen  gases  differ  in  density,  and  therefore  it  might  be 
expected,  were  they  merely  mixed  together,  that  the  oxygen 
as  the  heavier  gas  ought,  in  obedience  to  the  force  of  gravity, 
to  collect  in  the  lower  regions  of  the  air ;  while  the  nitrogen 
should  have  a  tendency  to  occupy  the  higher.  But  this  has 
nowhere  been  observed.  If  air  be  confined  in  a  long  tube, 
preserved  at  perfect  rest,  its  upper  part  will  contain  just  as 
much  oxygen  as  the  lower,  even  after  an  interval  of  many 
months ;  nay,  if  the  lower  part  of  it  be  filled  with  oxygen, 
and  the  upper  with  nitrogen,  these  gases  will  be  found  in  the 
course  of  a  few  hours  to  have  mixed  intimately  with  one  an- 
other. The  constituents  of  the  air  are,  also,  in  the  exact 
proportion  for  combining.  By  measure  they  are  in  the  sim- 
ple ratio  of  one  to  four,  which  agrees  perfectly  with  the  law 
of  combination  by  volume ;  and  by  weight  they  are  as  eight 
to  twenty-eight,  which  corresponds  to  one  proportion  of 
oxygen  and  two  of  nitrogen. 

Strong  as  are  these  arguments  in  favour  of  the  chemical 
theory,  it  is  nevertheless  liable  to  objections  which  appear  in- 
superable. The  atmosphere  possesses  all  the  characters  that 
should  arise  from  a  medianical  mixture.  There  is  not,  as  in 
all  other  cases  of  chemical  union,  any  change  in  the  bulk, 
form^  or  other  qualities  of  its  elements.  The  nitrogen  mani- 
fciu  no  attraction  for  the  oxygen.  All  bodies  which  have  an 
affinity  for  oxygen  abstract  it  from  the  atmosphere  with  as 
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gen,  oxygen,  or  nitrogen ;  and,  therefore,  it  is  quite  gratuit- 
ous to  assert  that  it  has  an  affinity  for  them.  Some  other 
power  must  be  in  operation,  capable  of  producing  the  mix- 
ture of  gases  with  each  other,  independently  of  chemical 
attraction;  and  if  this  power  can  cause  carbonic  acid  to 
ascend  through  a  gas  which  is  twenty-two  times  lighter  than 
itself,  it  will  surely  explain  why  oxygen  and  nitrogen  gases, 
the  densities  of  which  differ  so  little,  should  be  intermingled 
in  the  atmosphere* 

The  explanation  which  Dr.  Dalton  has  given  of  these  phe- 
nomena is  founded  on  the  assumption,  that  the  particles  of 
one  gas,  though  highly  repulsive  to  each  other,  do  not  repel 
those  of  a  different  kind.  It  follows,  from  this  supposition, 
that  one  gas  acts  as  a  vacuum  with  respect  to  another ;  and, 
therefore,  if  a  vessd  full  of  carbonic  acid  be  made  to  commu- 
nicate with  another  of  hydrc^;en,  the  particles  of  each  gas 
insinuate  themselves  between  the  particles  of  the  other,  till 
they  are  equally  diffused  through  both  vessels.  The  particles 
of  the  carbonic  add  do  not  indeed  fill  the  space  occupied  by 
the  hydrogen  with  the  same  velocity  as  if  it  were  a  real 
vacuum,  because  the  particles  of  the  hydrogen  afford  a  me- 
chanical impediment  to  their  progress.  The  ultimate  effect, 
however,  is  the  same  as  if  the  vessel  of  hydrogen  had  been  a 
vacuum.     (Manchester  Memoirs,  Vol.  V.) 

Though  it  would  not  be  difficult  to  find  objections  to  this 
hypothesis,  it  has  the  merit  of  being  appUcable  to  every 
possible  case ;  which  cannot,  I  conceive,  be  admitted  of  the 
other.  It  accounts  not  only  for  the  mixture  of  gases,  but  for 
the  equable  diffusion  of  vapours  through  gases,  and  through 
each  other.  This  view  receives  support  from  the  late  expe- 
riments of  Mr.  Graham  of  Glasgow  on  the  diffusion  of  gases. 
(Phil.  Trans.  Edin.  1831.)  When  a  gas  is  contained  in  a 
glass  bell  jar  which  has  a  crack  or  fissure  in  its  sides,  or  com- 
municates with  the  air  by  a  narrow  aperture,  or  is  contained 
in  a  porous  vessel,  the  gas  gradually  diffuses  itself  into  the 
air,  and  air  into  the  gas,  each  passing  through  the  chink  or 
other  snudl  opening  at  the  same  time,  but  in  opposite  direc- 
tions. On  ascertaining  after  an  interval  how  much  gas  has 
escaped  from,  and  how  much  air  entered  into,  the  vessel,  it 
will  be  found  that  the  respective  quantities  depend  on  the 
relative  densities ;  and  the  same  principle  of  intermixture 
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to  the  respiration  of  animals,  and  to  various  other  natural 
operations,  by  all  of  which  that  gas  is  withdrawn  from  the 
air,  it  is  obvious  that  its  quantity  would  gradually  diminish, 
unless  the  tendency  of  those  causes  were  counteracted  by 
some  compensating  process.  To  all  appearance  there  does 
exist  some  source  of  compensation ;  for  chemists  have  not 
hitherto  noticed  any  change  in  the  constitution  of  the  atmo- 
sphere. The  only  source  by  which  oxygen  is  known  to  be 
supplied,  is  by  the  action  of  growing  vegetables.  A  healthy 
plant  absorbs  carbonic  acid  during  the  day,  appropriates  the 
carbonaceous  part  ot  that  gas  to  its  own  wants,  and  evolves 
the  oxygen  with  which  it  was  combined.  During  the  night, 
indeed,  an  opposite  effect  is  produced.  Oxygen  gas  then 
disappears,  and  carbonic  acid  is  eliminated;  but  it  follows 
from  the  experiments  of  Priestley  and  Davy,  that  plants 
during  24  hours  yield  more  oxygen  than  they  consume. 
Whether  living  vegetables  make  a  full  compensation  for  the 
oxygen  removed  from  the  air  by  the  processes  above  men- 
tioned is  uncertain.  From  the  great  extent  of  the  atmo- 
sphere, and  the  continual  agitation  to  which  its  different  parts 
are  subject  by  the  action  of  winds,  the  effects  of  any  deterio- 
rating process  would  be  very  gradual,  and  a  change  in  the 
proportion  of  its  elements  could  be  perceived  only  by  obser- 
vations made  at  very  distant  intervals. 

COMPOUNDS   OF   NITROGEN    AND   OXYGEN. 

Chemists  are  acquainted  with  five  compounds  of  nitrogen 
and  oxygen,  the  composition  of  which,  as  deduced  from  the 
researches  of  Ghty-Lussac,  Dr.  Henry,  and  Sir  H.  Davy,  is  as 
follows : 


Nitrous  oxide 

By  Volume. 
Nitrogen.         '  Oxygen. 

100                60 

By  Weight. 
Nitrogen.         Oxygen 

14                8 

Nitric  oxide 

• 

100              100 

14              16 

Hjponitrous  acid 
Nitrous  acid 

100              150 
100              200 

14              24 
14              32 

Nitric  add 

100              250 

14              40 

The  first  of  these,  as  containing  the  smallest  quantity  of 
oxygen,  is  regarded  as  a  compound  of  one  equivalent,  or 

R  2 
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Water  .         .        27  or  3  eq.  I  g^^^^"  ^*  °' ?  ^- 

^   I  Hydrogen         3  or  3  eq. 

Protoxide  of  Nitrogen  44^or  2  eq.  {  ^^J.^^        ^or  2  I^! 

71 

Protoxide  of  nitrogen  is  a  colourless  gas,  which  does  not 
affect  the  blue  vegetable  colours,  even  when  mixed  with 
atmospheric  air.  Recently  boiled  water,  which  has  cooled 
without  exposure  to  the  air,  absorbs  nearly  its  own  bulk  of  it 
at  60^  F.  and  gives  it  out  again  unchanged  by  boiling.  The 
solution,  like  the  gas  itself,  has  a  faint  agreeable  odour  and 
sweet  taste.  The  action  of  water  upon  it  affords  a  ready 
means  of  testing  its  purity ;  removing  it  readily  from  all 
other  gases,  such  as  oxygen  and  nitrogen,  which  are  sparingly 
aboorbed  by  that  liquid.  For  the  same  reason  it  cannot 
be  preserved  over  cold  water ;  but  should  be  collected  either 
over  hot  water  or  mercury. 

Protoxide  of  nitrogen  is  a  supporter  of  combustion.  Most 
substances  bum  in  it  with  far  greater  energy  than  in  the 
atmosphere.  When  a  recently  extinguished  candle  with  a 
very  red  wick  is  introduced  into  it,  the  flame  is  instantly 
restored.  Phosphorus,  if  previously  kindled,  bums  in  it 
with  great  brilliancy.  Sulphur,  when  burning  feebly,  is  ex- 
tinguished by  it ;  but  if  it  is  immersed  while  the  combustion 
is  lively,  the  size  of  the  flame  is  considerably  increased. 
With  an  equal  bulk  of  hydrogen  it  forms  a  mixture  which 
explodes  violently  by  the  electric  spark  or  by  flame.  In  all 
these  cases  the  product  of  combustion  is  the  same  as  when 
oxygen  gas  or  atmospheric  air  is  used.  The  protoxide  is 
decomposed ;  the  combustible  matter  unites  with  its  oxygen, 
and  the  nitrogen  is  set  free.  The  protoxide  of  nitrogen 
suffers  decomposition  when  a  succession  of  electric  sparks  is 
passed  through  it.  A  simOar  effect  is  caused  by  conducting 
it  through  a  porcelain  tube  heated  to  incandescence.  It  is 
resdved,  in  both  instances,  into  nitrogen,  oxygen,  and  nitrous 
add. 

Sir  H.  Davy  discovered  that  protoxide  of  nitrogen  may  be 
taken  into  the  lungs  with  safety,  and  that  it  supports  respira- 
tion for  a  few  minutes.  He  breathed  nine  quarts  of  it,  con- 
tained in  a  silk  bag,  for  three  minutes,  and  12  quarts  for 
rather  more  than  four  ;  but  no  quantity  could  enable  him  to 
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efferveflcenoe  takes  place  without  the  aid  of  heat,  and  the  gas 
may  be  collected  over  water  or  mercury.  The  copper  gra- 
dually disappears  during  the  process ;  the  liquid  acquires  a 
beautiful  blue  colour,  and  yields  on  evaporation  a  salt  which 
is  composed  of  nitric  acid  and  oxide  of  copper.  The  che- 
mical changes  that  occur  are  the  following. — One  portion  of 
nitric  acid  suffers  decomposition :  part  of  its  oxygen  oxidizes 
the  copper ;  while  another  part  is  retained  by  the  nitrogen  of 
the  nitric  acid,  forming  binoxide  of  nitrogen.  The  oxide  of 
copper  attaches  itself  to  some  undecomposed  nitric  add,  and 
forms  the  blue  nitrate  of  copper.  Many  other  metals  are 
oxidized  by  nitric  acid,  with  disengagement  of  a  similar  com- 
pound ;  but  none,  mercury  excepted,  yields  so  pure  a  gas  as 
copper. 

The  gas  derived  from  this  source  was  discovered  by  Dr. 
Hales.  It  was  first  carefully  studied  by  Priestley,  who 
called  it  niiraus  air.  The  terms  nitrous  gas^  and  nitric  oxide, 
are  frequently  applied  to  it ;  but  binoxide  of  nitrogen^  as 
indicative  of  its  nature,  is  the  most  suitable  appellation. 

Binoxide  of  nitrogen  is  a  colourless  gas.  When  mixed 
with  atmospheric  air,  or  any  gaseous  mixture  that  contains 
oxygen  in  an  uncombined  state,  dense,  suffocating,  add  va- 
pours, of  a  red  or  orange  colour,  are  produced,  called  nitrous 
add  vapours ;  which  are  copiously  absorbed  by  water,  and 
communicate  addity  to  it  This  character  serves  to  distin- 
guish the  binoxide  from  every  other  substance,  and  affords 
a  convenient  test  of  the  presence  of  free  oxygen.  Though  it 
gives  rise  to  an  add  by  combining  with  oxygen,  binoxide  of 
nitrogen  itself  does  not  redden  the  blue  colour  of  vegetables ; 
but  for  this  experiment,  the  gas  must  be  previously  well 
washed  with  water  to  separate  all  traces  of  nitrous  add. 
Water  absorbs  the  binoxide  sparingly; — 100  measures  of 
that  liquid,  cold  and  recently  boiled,  take  up  about  11  of  the 

Very  few  inflammable  substances  burn  in  binoxide  of  ni- 
trogen. Burning  sulphur  and  a  lighted  candle  are  instantly 
extinguished  by  it.  Charcoal  and  phosphorus,  however,  if 
in  a  state  of  vivid  combustion  at  the  moment  of  bdng  im- 
mersed in  it,  bum  with  increased  brilliancy.  The  product  of 
the  combustion  is  carbonic  add  in  the  former  case,  and  phos- 
phoric add  in  the  latter,  nitrogen  being  separated  in  both  in- 
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the  biDOxide  are  obviously  in  the  ratio,  by  weight,  of  14  of 
nitrogen  to  16  of  oxygen ;  that  is,  one  proportion  of  the  for- 
mer to  two  of  the  latter.  An  equivalent  of  the  compound  is 
therefore  14+16=30. 

From  the  invariable  formation  of  red  coloured  acid  vapours, 
whenever  binoxide  of  nitrogen  and  oxygen  are  mixed  toge- 
ther, these  gases  detect  the  presence  of  each  other  with  great 
certainty ;  and  since  the  product  is  wholly  absorbed  by  water, 
either  of  them  may  be  entirely  removed  from  any  gaseous 
mixture,  by  adding  a  sufficient  quantity  of  the  other.   Priest- 
ley, who  first  observed  this  fact,  supposed  that  combination 
takes  place  between  them  in  one  proportion  only ;  and  infer- 
ring on  this  supposition,  that  a  given  absorption  must  always 
indicate  the  same  quantity  of  oxygen,  he  was  led  to  employ 
binoxide  of  nitrogen  in  Eudiometry.     But  in  this  opinion  he 
was  mistaken.    The  discordant  results  that  were  obtained  by 
his  method,  soon  excited  suspicion  of  its  accuracy ;  and  the 
source  of  error  has  since  been  discovered  by  the  researches  of 
Bolton  and  Oay-Lussac.     It  appears  from  the  experiments  of 
Oty^Lussac,  and  his  results  do  not  differ  materially  from 
those  of  Dalton,  that  for  100  measures  of  oxygen,  400  of  the 
binoxide  may  be  absorbed  as  a  maximum,  and  133  as  a  mi- 
nimum ;  and  that  between  these  extremes,  the  quantity  of 
the  binoxide  corresponding  to  100  of  oxygen,  is  exceedingly 
variable.     It  does  not  follow  from  this,  that  oxygen  and  bin- 
oxide of  nitrogen  unite  in  every  proportion  within  these  limits. 
The  true  explanation  is,  that  the  mixture  of  these  gases  may 
fpve  rise  to  three  compounds,  hyponitrous,  nitrous,  and  nitric 
adds ;  and  thai  either  may  be  formed  almost,  if  not  entirely, 
to  the  exclusion  of  the  others,  if  certain  precautions  are 
adopted.    But  in  the  usual  mode  of  operating,  two  if  not  all 
are  generated  at  the  same  time,  and  in  a  proportion  to  each 
other  which  is  by  no  means  uniform.     The  circumstances 
that  influence  the  degree  of  absorption,  when  a  mixture  of 
oxygen  and  binoxide  of  nitrogen  is  made  over  water,  are  the 
following:— 1,  The  diameter  of  the  tube;    2,  The  rapidity 
with  which  the  mixture  is  made ;  3,  The  relative  proportion 
of  the  two  gases ;  4,  The  time  allowed  to  elapse  after  mixing 
them  ;    5,  Agitation  of  the  tube ;   and  lastly,  The  opposite 
conditions  of  adding  the  oxygen  to  the  binoxide,  or  the  bin- 
oxide to  the  oxygen. 
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affinity  of  protoxide  of  iron  for  oxygen  gas.  The  protoxide 
of  iron  decomposes  a  portion  of  water  and  binoxide  of  nitro* 
gen  at  the  same  time,  and  unites  with  the  oxygen  of  both ; 
while  the  hydrogen  of  the  water  and  nitrogen  of  the  binoxide 
combine  tc^ther,  and  generate  ammonia.  Nitric  add  is 
formed  when  the  soluticm  is  exposed  to  the  air  or  oxygen  gas, 
but  not  otherwise. 

It  is  singular  that  both  binoxide  and  protoxide  of  nitro- 
gen, notwithstanding  the  absence  of  acidity,  are  capable  of 
forming  compounds  of  considerable  permanence  with  the  pure 
alkalies.  The  circumstances  which  give  rise  to  the  formation 
of  these  compounds  will  be  stated  in  the  description  of  nitre. 

HYPONITROUS   ACID. 

On  adding  binoxide  of  nitrogen  in  excess  to  oxygen  gas, 
confined  in  a  glass  tube  over  mercury,  Oay-Lussac  observed 
that  the  absorption  is  always  uniform,  provided  a  strong 
solution  of  pure  potash  is  put  into  the  tube  before  mixing  the 
two  gases.  He  found  that  100  measures  of  oxygen  gas  com- 
bined under  these  circumstances  with  400  of  the  binoxide, 
forming  an  acid  which  unites  ¥rith  the  potash.  The  com- 
pound so  formed  is  hyponitrous  acid,  the  composition  of 
which  may  be  easily  inferred  from  the  proportions  just  men- 
tioned. For  as  binoxide  of  nitrogen  contains  half  its  volume 
of  oxygen  gas,  the  new  acid  must  be  composed  of  200  mea- 
sures of  nitrogen  and  900  of  oxygen,  or  of  100  and  150.  It 
contains,  therefore,  three  times  more  oxygen  than  protoxide 
of  nitrogen ;  so  that,  by  weight,  it  is  formed  of  14  parts  or 
1  equivalent  of  nitrogen,  and  24  parts  or  3^  equivalents  of 
oxygen ;  and  therefore  its  equivalent  is  38. 

Another  method  of  forming  hyponitrous  acid  is  by  keeping 
bin-oxide  of  nitrogen  for  three  months  in  a  glass  tube  over 
mercury,  in  contact  with  a  concentrated  solution  of  pure 
potash.  The  binoxide  is  resolved  into  hyponitrous  acid, 
which  unites  with  the  potash,  and  into  protoxide  of  nitrogen 
which  remiuns  in  the  tube. 

Hyponitrous  acid  has  not  hitherto  been  obtained  in  a  free 
state.  When  an  acid  is  added  to  hyponitrite  of  potash,  hy- 
ponitrous acid,  instead  of  being  dissolved  by  the  water  of  the 
solution,  suffers  decomposition,  and  is  converted,  according 
to  Oay-Lussac,  into  nitrous  acid  and  bin-oxide  of  nitrogen. 
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ducted  over  water  or  mercury.  The  presence  of  the  former 
determines  the  production  of  nitric  acid;  the  latter  is  ox- 
idized by  the  nitrous  add,  and  therefore  decomposes  it.  Sir 
H.  Davy  made  this  compound  by  mixing  two  measures  of 
bin-oxide  of  nitrogen  and  one  of  oxygen,  free  from  moisture, 
in  a  dry  glass  vessel,  previously  exhausted  by  the  air-pump. 
(Elements,  p.  St6l.)  Nitrous  acid  vapours  were  produced, 
and  a  contraction  ensued,  amounting  to  about  one-half  of  the 
volume  of  the  mixed  gases.  The  experiments  of  Oay-Lussac 
(An.  de  Ch.  et  de  Ph.  I)  were  similar  in  principle.  He 
agrees  with  Sir  H.  Davy  as  to  the  proportion  of  the  two 
gases,  but  is  of  opinion  that  they  condense,  in  uniting,  to 
l-3d  of  their  original  volume.  The  conclusions  of  those 
chemists  respecting  the  composition  of  nitrous  acid  have  been 
confirmed  by  the  researches  of  Dulong.  (An.  de  Ch.  et  de 
Ph.  II.)    It  is  composed  therefore  of 

B7  VolaiM.  By  Weight. 

Nitrogen    100  14    or    1  equivalent, 

Oxygen      200  32    or    4  equivalents ; 

and  its  combining  proportion  is  32+14=46. 

Nitrous  acid  vapour  is  characterized  by  its  orange  red 
colour.  It  is  quite  irrespirable,  exciting  great  irritation  and 
spasm  of  the  glottis,  even  when  moderately  diluted  with  air. 
A  taper  bums  in  it  with  considerable  brilliancy.  It  extin- 
guishes  burning  sulphur ;  but  the  combustion  of  phosphorus 
continues  in  it  with  great  vividness. 

Nitrous  add  may  exist  in  the  liquid  as  well  as  in  the 
gaseous  form.  The  liquid  acid  is  most  conveniently  pre- 
pared by  exposing  crystallized  nitrate  of  lead,  carefully  dried, 
to  a  low  red  heat  The  nitric  acid  of  the  salt  is  by  this 
means  resolved  into  nitrous  acid  and  oxygen;  and  if  the 
products  are  received  in  vessels  kept  moderately  cool,  the 
greater  part  of  the  former  is  condensed  into  a  liquid.  This 
substance  was  first  obtained  by  Gay^Lussac,  who  regarded  it 
as  hyponitrous  add,  and  described  it  as  such  in  the  essay 
above  referred  to;  but  Dulong  has  proved,  by  a  careful 
analysis,  that  it  is  in  reality  anhydrous  nitrous  add.  Dulong 
procured  it  by  mixing  bin-oxide  of  nitrogen  and  oxygen  gases 
in  the  ratio  of  2  to  1,  and  exposing  the  nitrous  add  vapours 
to  a  low  temperature. 

The  liquid  anhydrous  acid  has  the  following  properties.— 
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which  preserves  the  hyponitrous;  and,  consequently,  it  re- 
nudns  in  a  state  of  mixture  or  combination  with  the  two 
other  acids.  If  the  anhydrous  nitrous  acid  be  mixed  with  a 
large  quantity  of  water,  it  is  converted  into  nitric  add  and 
bin-oxide  of  nitrogen  ;  and  every  successive  addition  experi- 
ences a  similar  change,  till  the  water  has  become  sufficiently 
charged  with  nitric  add  to  enable  the  hyponitrous  to  exist  in 
it.  The  subsequent  additions  of  nitrous  add  will  then  be 
converted  into  nitric  and  hyponitrous  adds,  until  the  affinity 
of  the  water  for  nitric  add  is  so  far  satisfied  that  it  can  no 
longer  decompose  nitrous  add. 

The  changes  which  are  produced  in  anhydrous  nitrous 
acid  by  adding  successive  portions  of  water,  may  be  anti- 
dpated  from  the  preceding  remarks.  It  is  resolved  into  nitric 
and  hyponitrous  adds,  and  into  nitric  acid  and  bin-oxide  of 
nitrogen ;  and  when  the  dilution  is  considerable,  the  greater 
part,  if  not  the  whole,  of  the  hyponitrous  acid  will  likewise 
be  decomposed.  The  colour  of  the  fluid  at  different  periods 
of  the  process  is  attributed  to  the  quantity  of  nitrous  acid 
which  is  dissolved,  and  to  the  degree  of  its  dilution.  It  is 
difficult  however  to  perceive  bow  an  orange  coloured  liquid 
should  give  different  shades  of  green  and  blue  merely  by 
being  diluted*  May  not  the  blue  be  caused  by  hyponitrous 
add,  the  different  shades  of  green  by  mixtures  of  hyponitrous 
and  nitrous  adds,  and  the  yellow  and  orange  by  the  prepon* 
derance  of  the  latter  ?  Some  observations  of  Dulong  seem  to 
justify  this  idea ;  and  it  is  supported  by  the  action  of  bin- 
oxide  of  nitrogen  oa  nitric  add. 

Nitrous  add  is  a  powerful  oxidizing  agent,  readily  giving 
oxygen  to  the  more  oxidable  metals,  and  to  most  substances 
which  have  a  strong  affinity  for  it.  Nitrous  acid  is  of  course 
decomposed  at  the  same  time ;  pure  nitrogen  and  protoxide 
of  nitrogen  are  sometimes  evolved,  but  most  commonly  it  is 
converted  into  the  bin-oxide.  MHien  transmitted  through 
red-hot  porcelain  tubes,  it  suffers  decomposition,  and  a  mix- 
ture of  oxygen  and  nitrogen  gases  is  obtained. 

Some  chemists  are  disposed  to  consider  nitrous  add  as  a 
compound  of  nitric  and  hyponitrous  adds,  rather  than  of 
nitrogen  and  oxygen.  In  fact,  on  adding  nitrous  add  to  an 
alkaline  solution  we  obtain  a  nitrate  and  hyponitrite,  a  dr« 
cunistanoe  which  has  given  rise  to  the  notion  that  nitrous 


NITROGEN.  257 

have  hitherto  procured  nitric  acid  is  in  solution  with  water ; 
a  liquid  which,  in  its  concentrated  state,  is  the  nitric  acid  of 
the  pharmacopoeia.  By  manufacturers  it  is  better  known  by 
the  name  of  aquafortU, 

The  nitric  acid  of  commerce  is  procured  by  decomposing 
some  salt  of  nitric  add  by  means  of  concentrated  sulphuric 
add ;  and  common  nitre,  as  the  cheapest  of  the  nitrates,  is 
always  employed  for  the  purpose.  This  salt,  previously  well 
dried,  is  put  into  a  glass  retort,  and  a  quantity  of  the  strong- 
est sulphuric  add  is  poured  upon  it.  On  applying  heat, 
ebullition  ensues,  owing  to  the  escape  of  nitric  add  vapours, 
which  must  be  collected  in  a  receiver  kept  cold  by  moist 
doths.  The  heat  should  be  steadily  increased  during  the 
operation,  and  continued  as  long  as  any  acid  vapours  come 
over. 

Chemists  differ  as  to  the  best  proportions  for  forming  nitric 
acid.  The  London  College  recommends  equal  weights  of 
nitre  and  sulphuric  add ;  and  the  Edinburgh  and  Dublin 
Colleges  employ  three  parts  of  nitre  to  two  of  the  add. 
The  proportion  of  the  London  College  is  so  calculated,  that 
the  potash  of  the  nitre  shall  be  entirdy  converted  into  a  bi- 
sulphate ;  for  one  proportion  of  nitre  (54  nitric  add +47*1 6 
potash)  is  101*15,  and  98  corresponds  to  two  proportions  of 
concentrated  sulphuric  add.  To  comprehend  the  nature  of 
this  process,  it  is  necessary  to  observe,  that  the  strong  suU 
phuric  add  of  commerce  consists  of  one  equivalent  of  dry 
add  and  one  of  water,  and  that  the  strongest  nitric  acid  con« 
tains  nearly  one  equivalent  of  dry  or  real  add  and  two  equi« 
valents  of  water.  Unless  supplied  with  this  proportion  of 
water,  the  nitric  add  is  resolved,  at  the  moment  of  quitting 
the  potash,  into  oxygen  and  nitrous  acid.  Now  in  the  pro- 
cess of  the  London  College,  the  water  in  the  oil  of  vitriol  is 
predsely  suffident  for  uniting  with  the  nitric  acid,  and  there- 
fore the  latter  passes  over  almost  entirdy  as  such  into  the 
reodver.  If  the  mixture  be  introduced  into  the  retort  with- 
out soiling  its  neck,  and  the  heat  be  cautiously  raised,  the 
product  will  be  quite  free  from  sulphuric  acid ;  and  there- 
f<M«  the  second  distillation  from  nitre,  recommended  in  the 
pharmacopoeia,  is  superfluous. 

The  proportions  of  the  Edinburgh  and  Dublin  Colleges 
are  such,  that  the  residual  salt  is  a  mixture  of  sulphate  and 
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Nitric  acid  frequently  contains  portions  of  sulphuric  and 
muriatic  acid.  The  former  is  derived  from  the  acid  which  is 
used  in  the  process ;  and  the  latter  from  sea-salt,  which  is 
frequently  mixed  with  nitre.  These  impurities  may  be  de- 
tected  by  adding  a  few  drops  of  a  solution  of  muriate  of 
baryta  and  nitrate  of  silver  to  separate  portions  of  nitric  acid, 
diluted  with  three  or  four  parts  of  distilled  water.  If  muri« 
ate  of  baryta  cause  a  cloudiness  or  precipitate,  sulphuric  acid 
must  be  present ;  if  a  similar  eJOTect  be  produced  by  nitrate  of 
silver,  the  presence  of  muriatic  acid  may  be  inferred.  Nitric 
add  is  purified  from  sulphuric  acid  by  redistilling  it  from 
a  small  quantity  of  nitrate  of  potash,  with  the  alkali  of  which 
the  sulphuric  acid  unites,  and  remains  in  the  retort.  To 
separate  muriatic  add,  it  is  necessary  to  drop  a  solution  of 
nitrate  of  silver  into  the  nitric  add  as  long  as  a  precipitate  is 
formed,  and  draw  off  the  pure  acid  by  distillation. 

Nitric  add  possesses  add  properties  in  an  eminent  degree. 
A  few  drops  of  it  diluted  with  a  considerable  quantity  of 
water  form  an  add  solution,  which  reddens  litmus  paper  per- 
manently.  It  unites  with  and  neutralizes  alkaline  substances, 
forming  with  them  salts  which  are  called  nitrates.  In  its 
purest  and  most  concentrated  state  it  is  colourless,  and  has  a 
spedfic  gravity  of  1-50  or  1-610.  It  still  contains  a  consider, 
able  quantity  of  water,  from  which  it  cannot  be  separated 
without  decomposition,  or  by  uniting  with  some  other  body. 
An  add  of  density  1*60  contains  25  per  cent  of  water,  accord- 
ing to  the  experiments  of  Mr.  Phillips,  and  20*3  per  cent 
according  to  those  of  Dr.  Ure.*  Nitric  acid  of  this  strength 
emits  dense,  white,  suffocating  vapours  when  exposed  to  the 
atmosphere.  It  attracts  watery  vapour  from  the  air,  whereby 
its  spedfic  gravity  is  diminished.  A  rise  of  temperature 
is  occasioned  by  mixing  it  with  a  certain  quantity  of  water. 
Dr.  Ure  found  that  when  58  measures  of  nitric  add,  of  spe- 
dfic gravity  15,  are  suddenly  mixed  with  42  of  water,  the 
temperature  rises  from  60  to  140°  F ;  and  the  mixture,  on 
cooling  to  60°,  occupies  the  space  of  02*65  measures  instead 
of  100.  From  its  strong  affinity  for  water,  it  occasions 
snow  to  liquefy  vrith  great  rapidity ;  and  if  the  mixture  is 

*  8m  hit  TMt  in  the  Appendix,  thonving  the  ftiiength  of  dilated  acid  of  differ* 
entdeautiet. 
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acid  of  the  solution.  Direct  solar  light  deoxidizes  nitric  acid, 
resolving  a  portion  of  it  into  oxygen  and  nitrous  acid.  The 
former  escapes  as  gas ;  the  latter  is  absorbed  by  the  nitric 
acid,  and  converts  it  into  the  mixed  nitrous  acid  of  the  shops. 
When  the  vapour  of  nitric  add  is  transmitted  through  red- 
hot  porcelain  tubes,  it  suffers  complete  decomposition,  and  a 
mixture  of  oxygen  and  nitrogen  gases  is  the  product. 

Nitric  add  may  also  be  deoxidized  by  transmitting  a  cur- 
rent of  binoxide  of  nitrogen  through  it.  That  gas,  by 
taking  oxygen  from  the  nitric,  is  converted  into  nitrous  acid ; 
and  a  portion  of  nitric  add,  by  losing  oxygen,  passes  into  the 
same  compound.  The  nitrous  add,  thus  derived  from  two 
sources,  gives  a  colour  to  the  nitric  acid,  the  depth  and  kind 
of  which  depend  upon  the  quantity  of  binoxide  of  nitrogen 
which  has  been  employed.  The  first  portion  communicates 
a  pale  straw  colour,  which  gradually  deepens  as  the  absorp- 
tion of  the  bin-oxide  continues,  till  the  nitric  acid  has  ac- 
quired a  deep  orange  hue,  together  with  all  the  characters  of 
strong  fuming  nitrous  add.  But  the  solution  still  continues 
to  absorb  the  binoxide;  and  in  doing  so,  its  colour  passes 
through  different  shades  of  olive  and  green,  till  it  becomes 
greenish  blue.  This  liquid  has  a  much  lower  density  than 
the  nitric  add  originally  employed,  because  the  current  of 
gas  mechanically  carries  away  with  it  a  large  quantity  of 
nitrous  add.  By  applying  heat  to  the  blue  liquid,  binoxide 
of  nitrogen  and  some  nitrous,  acid  vapours  are  evolved ;  and 
in  proportion  as  it  escapes,  the  colour  of  the  solution  changes 
to  green,  olive,  orange,  and  yellow,  at  length  becoming  pale 
as  at  first.  These  phenomena  are  very  favourable  to  the 
▼lew  that  the  conversion  of  the  orange  colour  into  olive, 
green,  and  blue,  is  owing  to  the  formation  of  hyponitrous 
add. 

All  the  salts  of  nitric  acid  are  soluble  in  water,  and  there- 
fore it  is  impossible  to  predpitate  that  add  by  any  reagent. 
The  presence  of  nitric  acid,  when  uncombined,  is  readily  de- 
tected by  its  strong  action  on  copper  and  mercury,  and  by 
its  forming  with  potash  a  neutral  salt,  which  crystallizes  in 
prisms,  and  has  idl  the  properties  of  nitre.  Gold  leaf  is  a 
still  more  delicate  test.  When  muriatic  acid  is  added  to  the 
solution  of  a  nitrate,  chlorine  is  disengaged,  and  the  liquid 
hence  acquires  the  property  of  dissolving  gold  leaf;  but  as 
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which  oonsiflts  of  charcoal  mixed  with  the  earthy  matters  of 
the  bone.     It  is  called  ivor^f  blacky  or  animal  charcoal. 

Charcoal  is  hard  and  brittle,  conducts  heat  very  slowly,  but 
is  a  good  conductor  of  electricity.  Its  density  is  stated  much 
too  low  in  chemical  works : — according  to  Sir  John  Leslie, 
its  specific  gravity  is  rather  greater  than  that  of  the  diamond. 
It  is  quite  insoluble  in  water,  is  attacked  with  di£Bculty  by 
nitric  add,  and  is  little  affected  by  any  of  the  other  adds,  or 
by  the  alkalies.  It  undergoes  little  change  from  exposure  to 
air  and  moisture,  being  less  injured  under  these  circumstances 
than  wood.  It  is  exceedingly  refractory  in  the  fire,  if  ex- 
duded  from  the  air,  supporting  the  most  intense  heat  which 
chemists  are  able  to  produce  without  change. 

Charcoal  possesses  the  property  of  absorbing  a  large  quan- 
tity of  air  or  other  gases  at  common  temperatures,  and  of 
yielding  the  greater  part  of  them  again  when  it  is  heated. 
It  appears  from  the  researches  of  Saussure,  that  different 
gases  are  absorbed  by  it  in  different  proportions.  His  ex- 
periments were  performed  by  plunging  a  piece  of  red-hot 
charcoal  under  mercury,  and  introducing  it  when  cool  into 
the  gas  to  be  absorbed.  He  found  that  charcoal  prepared 
from  box- wood  absorbs,  during  the  space  of  24  or  36 
hours,  of 


Ammoniacal  gas 


Muriatic  add  85 

Sulphurous  acid  65 

Sulphuretted  hydrogen  65 

Nitrous  oxide  .  40 

Carbonic  add  35 
defiant  gas       ...         35 

Carbonic  oxide  9*42 
Oxygen              .  9*25 

Nitrogen  7*5 

Hydrogen  1-75 

The  absorbing  power  of  charcoal,  with  respect  to  gases, 
cannot  be  attributed  to  chemical  action ;  for  the  quantity  of 
each  gas,  which  is  absorbed,  bears  no  relation  whatever  to  its 
affinity  for  charcoal.  The  effect  is  in  reality  owing  to  the 
peculiar  porous  texture  of  that  substance,  which  enables  it« 
in  common  with  most  spongy  bodies,  to  absorb  more  or  less 
of  all  gases,  vapours,  and  liquids  with  which  it  is  in  contact. 


90  times  its  volume. 
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kinds  of  spring  and  well  water  contain  carbonic  acid  absorbed 
from  tbe  atmosphere,  and  to  which  they  are  partly  indebted 
for  their  pleasant  flavour.  Boiled  water  has  an  insipid  taste 
from  the  absence  of  carbonic  acid. 

A  knowledge  of  the  exact  composition  of  carbonic  acid  gas 
is  of  very  great  importance.  The  researches  of  AUen  and 
Pepysy  and  Sir  H.  Davy,  have  proved  incontestably  that 
oxygen  gas,  in  combining  with  carbon,  so  as  to  form  carbonic 
add,  suffers  no  change  of  volume ;  or,  in  other  words,  that 
carbonic  acid  contains  its  own  volume  of  oxygen.  It  hence 
follows  that  100  cubic  inches,  or  47*377  grains  of  carbonic 
acid,  consist  o(  100  cubic  inches,  or  34*454  grains  of  oxygen, 
united  with  12923  grains  (47-377—34454)  of  carbon. 

Now,  12*923  :  34*454  :  :  6  :  16 ;  and  hence,  as  6  is  very 
nearly,  if  not  exactly,  the  equivalent  of  carbon,  carbonic  acid 
is  composed  of  an  equivalent  of  carbon  united  with  16  parts 
or  two  equivalents  of  oxygen.  Its  equivalent  is  there- 
fore 22. 

By  a  rule,  which  is  given  at  page  206,  it  may  be  calculated 
that  carbon,  if  supposed  to  exist  in  the  form  of  vapour, 
would  have  a  specific  gravity  of  0*4166 ;  from  which  it  fol- 
lows, that  100  cubic  inches  of  the  vapour  of  carbon,  at  60° 
F,  and  when  tbe  barometer  stands  at  30  inches,  would  weigh 
12*923  grains.  Consequently,  100  cubic  inches  of  carbonic 
add  gas  are  composed  of  100  cubic  inches  of  oxygen  and  100 
of  the  vapour  of  carbon. 

Carbonic  add  is  always  present  in  the  atmosphere,  even  at 
the  summit  of  the  highest  mountains,  or  at  a  distance  of  seve- 
ral thousand  feet  above  the  ground.  Its  presence  may  be  de- 
monstrated by  exposing  lime  water  in  an  open  vessel  to  the 
air,  when  its  surface  will  soon  be  covered  with  a  pellicle, 
which  is  carbonate  of  lime.  The  origin  of  the  carbonic  add 
is  obvious.  Besides  being  formed  abundantly  by  the  com- 
bustion of  all  substances  which  contain  carbon,  the  respira- 
tion of  animalr  is  a  fruitful  source  of  it,  as  may  be  proved  by 
breathing  for  a  few  minutes  into  lime  water ;  and  it  is  also 
generated  in  all  the  spontaneous  changes  to  which  dead  ani- 
mal and  vegetable  matters  are  subject.  The  carbonic  acid 
proceeding  from  such  sources,  is  commonly  diffused  equably 
through  the  air ;  but  when  any  of  these  processes  occur  in 
low  confined  situations,  as  at  the  bottom  of  old  wells,  the  gas 
is  then  apt  to  accumulate  there,   and  form  an   atmosphere 
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addition  of  boiling  water  the  super-phosphate  is  dissolved, 
and  may  be  separated  by  filtration  from  the  sulphate  of  lime. 
The  solution  is  then  evaporated  to  the  consistence  of  syrup, 
mixed  with  one-fourth  of  its  weight  of  charcoal  in  powder, 
and  heated  in  an  earthen  retort  well  luted  with  clay.  The 
beak  of  the  retort  is  put  into  water,  in  which  the  phbsphorus, 
as  it  passes  over  in  the  form  of  vapour,  is  collected.  When 
first  obtained,  it  is  frequently  of  a  reddish-brown  colour, 
owing  to  the  presence  of  phosphuret  of  carbon,  which  is 
generally  formed  during  the  process.  It  may  be  purified  by 
being  put  into  hot  water,  and  pressed  while  liquid  through 
chamois  leather ;  ox  the  purification  may  be  rendered  still 
more  complete  by  a  second  distillation. 

Pure  phosphorus  is  transparent  and  almost  colourless.  It 
is  so  soft  that  it  may  be  cut  with  a  knife,  and  the  cut  surface 
has  a  waxy  lustre.  At  the  temperature  of  108°  F.  it  fuses, 
and  at  550°  is  converted  into  vapour,  which  according  to 
Dumas  has  a  density  of  4*355.  It  is  soluble  by  the  aid  of 
heat  in  naphtha,  in  fixed  and  volatile  oils,  in  the  chloride  of 
sulphur,  sulphuret  of  carbon,  and  sulphuret  of  phosphorus. 
On  its  cooling  from  solution  in  the  latter,  Professor  Mitscher- 
lich  obtained  it  in  regular  dodecahedral  crystals.  By  the 
fusion  and  slow  cooling  of  a  large  quantity  of  phosphorus,  M. 
Frantween  has  obtained  very  fine  crystals  of  an  octohedral 
form,  and  as  large  as  a  cherry-stone. 

Phosphorus  is  exceedingly  inflammable.  Exposed  to  the 
air  at  common  temperatures,  it  undergoes  slow  combustion, 
emits  a  white  vapour  of  a  peculiar  alliaceous  odour,  appears 
distinctly  luminous  in  the  dark,  and  is  gradually  consumed. 
On  this  account,  phosphorus  should  always  be  kept  under 
water.  The  disappearance  of  oxygen  which  accompanies 
these  changes  is  shown  by  putting  a  stick  of  phosphorus  in  a 
jar  full  of  air,  inverted  over  water.  The  volume  of  the  gas 
gradually  diminishes ;  and  if  the  temperature  of  the  air  is  at 
60°  F,  the  whole  of  the  oxygen  will  be  withdrawn  in  the 
course  of  12  or  24  hours.  The  residue  is  nitrogen  gas,  con- 
taining about  l-40th  of  its  bulk  of  the  vapour  of  phosphorus. 
It  is  remarkable  that  the  slow  combustion  of  phosphorus  does 
not  take  place  in  pure  oxygen,  unless  its  temperature  be 
about  80°.  But  if  the  oxygen  be  diluted  with  nitrogen,  hy- 
drogen, or  carbonic  add  gases,  the  oxidation  occurs  at  60° ; 
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■tances  with  which  it  unites.     For  this  reason  borax  is  often 
used  as  a  flux. 

Ttie  most  obvious  mode  of  determining  the  composition  of 
boracic  acid  is  to  bum  a  known  quantity  of  boron,  and  ascer- 
lain  its  increase  of  weight  when  the  combustion  ceases.  This 
method,  however,  though  apparently  simple,  is  very  difficult 
of  execution;  for  the  boracic  acid  fuses  at  the  moment  of 
being  generated,  and  by  glazing  the  surface  of  the  uncon- 
sumed  boron,  protects  it  from  oxidation.  Hence  it  was  that 
the  experiments  performed  by  Oay-Lussac  and  Thenard  oa 
this  subject,  led  to  results  widely  different  from  those  which 
Sir  H.  Davy  obtained  by  a  similar  process.  Dr.  Thomson, 
from  data  furnished  partly  by  himself,  and  partly  by  Sir  H. 
Davy,  infers  that  the  atomic  weight  of  boron  is  8,  and  that 
boracic  aai  is  composed  of 

Boron  .      8,  or  one  equivalent. 

Oxygen     .        .      16,  or  two  equivalents. 
Consequently,  the  equivalent  of  boracic  acid  is  S4. 

Crystallized  boracic  acid,  according  to  the  same  chemist,  is 
composed  of 

Boracic  add  24,  or  one  equivalent. 

Water  18,  or  two  equivalents. 

and  therefore  its  equivalent  is  43. 
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■tancea  with  which  it  uoiteB.     For  this  reason  borax  is  often 
used  as  a  flux. 

The  most  obvious  mode  of  determining  the  composition  of 
boracic  acid  is  to  bum  a  known  quantity  of  boron,  and  ascer- 
tain its  increase  of  weight  when  the  combustion  ceases.  This 
method,  however,  though  apparently  simple,  is  very  difficult 
of  execution ;  for  the  boracic  acid  fuses  at  the  moment  of 
being  generated,  and  by  glazing  the  surface  of  the  uncon- 
sumed  boron,  protects  it  from  oxidation.  Hence  it  was  that 
the  experiments  performed  by  Oay-Lussac  and  Thenard  on 
this  subject,  led  to  results  widely  different  from  those  which 
Sir  H.  Davy  obtained  by  a  aimilar  process.  Dr.  Thomson, 
from  data  furnished  partly  by  himself,  and  partly  by  Sir  H. 
Davy,  infers  that  the  atomic  weight  of  boron  is  8,  and  that 
boracic  acid  is  composed  of 

Boron  .       8,  or  one  equivalent. 

Oxygen     .         .      16,  or  two  equivalents. 
Consequently,  the  equivalent  of  boracic  acid  is  24. 

Crystallized  boracic  acid,  according  to  the  same  chemist,  is 
composed  of 

Boracic  acid  24,  or  one  equivalent. 

Water  18,  or  two  equivalents. 

and  therefore  its  equivalent  is  42. 
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residue  of  chloride  of  potassium.  By  this  mode  Gay-Lussac 
ascertained  the  composition  of  cUoric  acid,  as  stated  in  the 
preceding  table.     (An   de  Chimie,  xci.) 

Perchloric  Acid. — ^The  saline  matter  which  remains  in  the 
retort  after  forming  peroxide  of  chlorine,  is  a  mixture  of  per- 
chlorate  and  bisulphate  of  potash ;  and  by  washing  it  with 
cold  water,  the  bisulphate  is  dissolved,  and  the  perchlorate  is 
left.  Perchloric  acid  may  be  prepared  from  this  salt  by 
mixing  it  in  a  retort  with  half  its  weight  of  sulphuric  acid, 
diluted  with  one-third  of  water,  and  applying  heat  to  the 
mixture.  At  the  temperature  of  about  284°  F.  white  vapours 
rise,  which  condense  as  a  colourless  liquid  in  the  receiver. 
This  is  a  solution  of  perchloric  acid. 

The  existence  of  perchloric  add  was  first  ascertained  by 
Count  Stadion,  who  found  it  to  be  a  compound  of  two 
volumes  or  one  equivalent  of  chlorine  and  seven  of  oxygen ; 
and  this  view  of  its  constitution  has  been  confirmed  by  Oay- 
Lussac,  Serullas,  and  Mitscherlich.  (An.  de  Ch.  et  Ph. 
viii.  ix.  xlvi.  297,  and  xlix.  1 13.)  According  to  Serullas  it 
is  a  very  stable  compound :  it  may  be  heated  with  muriatic 
or  sulphuric  acid  without  change,  does  not  set  fire  to  organic 
substances,  and  is  not  decomposed  by  alcohol.  When  con- 
centrated it  has  a  density  of  1*65,  in  which  state  it  emits 
vapour  when  exposed  to  the  air,  absorbs  hygrometric  mois- 
ture powerfully,  and  boils  at  392°  F.  By  admixture  with 
strong  sulphuric  acid  and  distilling,  Serullas  obtained  it  in 
the  solid  form,  both  massive  and  in  elongated  prisms.  It 
hisses  when  thrown  into  water,  like  red-hot  iron  when 
quenched. 

Of  all  the  salts  of  perchloric  acid,  that  with  potash  is  the 
most  insoluble,  requiring  65  times  its  weight  of  water  at 
60°  F.  for  solution.  This  salt  is  readily  and  safely  formed 
by  adding  chlorate  of  potash,  well  dried  and  in  fine  powder, 
in  small  portions  at  a  time,  to  an  equal  weight  of  concen- 
trated sulphuric  acid,  gently  warmed  in  an  open  vessel.  The 
peroxide  of  chlorine  escapes  without  danger,  and  the  chlorate 
is  entirely  converted  into  perchlorate  and  bisulphate  of  potash, 
the  latter  of  which,  being  very  soluble,  is  eadly  removed  by 
cold  water.  Serullas  finds  that  chlorate  of  potash,  when  de- 
composed by  a  low  heat,  is  converted  into  chloride  of  potas- 
sium and  perchlorate  of  potash ;  but  the  temperature  must 
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tMN*  is  it  changed  b;  the  stroDger  acids,  such  as  the  muriatic, 
Ditric,  or  sulphuric  adds,  even  with  the  aid  of  heat.  When 
its  vapour,  mixed  with  hydrogen,  is  transmitted  through  a 
red-hot  tube,  charcoal  is  separated,  and  muriatic  acid  gaa 
evolved.  On  passing  its  vapour  over  the  peroxides  of  metals, 
such  as  that  of  mercury  snd  copper,  heated  to  redness,  a 
chloride  ot  the  inetal  and  carbonic  acid  are  generated.  Prot- 
oxides, under  the  same  treatment,  yield  carbonic  oxide  gas 
and  metallic  chlorides.  Most  of  the  metals  decompose  it 
also  at  the  temperature  of  ignition,  uniting  with  its  chlorine, 
and  causing  deposition  of  charcoal. 

From  the  proportions  of  chlorine  and  otefiant  gas  employed 
in  forming  perchloride  of  carbon,  and  from  its  analysis,  made 
by  passing  it  over  oxide  of  copper  at  the  temperature  of  igni- 
tion, Mr.  Faraday  infers  that  this  compound  consists  of 
106-35  parts  or  3  equivalents  of  chlorine,  and  12  parts  or  2 
equivalents  of  carbon. 

New  Chloride  of  Liebig. — This  active  chemist  has  lately 
described  a  new  substance  under  the  name  of  chloral,  which 
consists  of  chlorine,  carbon,  and  oxygen,  as  will  be  more  fuUy 
stated  in  the  latter  part  of  this  section.  On  boiling  this  sub- 
stance in  a  solution  of  potash,  lime,  or  baryta,  a  muriate  and 
formate  are  generated,  and  the  new  chloride  of  carbon  passes 
over  in  vapour.  It  is  then  washed  repeatedly  with  pure  water, 
and  obtained  quite  dry  by  admixture  with  strong  sulphuric 
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chloride  is  formed.  From  an  analysis  made  by  transmitting 
its  vapour  over  oxide  of  copper  at  a  red  oxide,  when  chloride 
of  copper  and  carbonic  add  were  the  sole  products,  Leibig 
infers  that  his  new  chloride  consists  of  2  equivalents  of  car- 
bon and  2^  of  chlorine,  or  of  4  atoms  of  the  former  to  6  of 
the  latter.     (An.  de  Ch.  et  Ph.  xlix.  146.) 

Protochloride  of  Carbon. — When  the  vapour  of  perchlo- 
ride  of  carbon  is  passed  through  a  red-hot  glass  or  porcelain 
tube,  containing  fragments  of  rock  crystal  to  increase  the 
extent  of  heated  surface,  partial  decomposition  takes  place ; 
chlorine  gas  escapes,  and  a  fluid  passes  over  which  Mr.  Fara- 
day calls  the  protochloride  of  carbon. 

Protochloride  of  carbon  is  a  limpid  colourless  fluid,  which 
does  not  congeal  at  zero  of  Fahrenheitf  and  at  160^  or  170^  F. 
is  converted  into  vapour.  It  may  be  distilled  repeatedly 
without  change ;  but  when  exposed  to  a  red  heat,  some  of  it 
is  resolved  into  its  elements.  Its  specific  gravity  is  l*66Si6. 
In  its  chemical  relations  it  is  very  analogous  to  percbloride 
of  carbon.  Mr.  Faraday  analyzed  it  by  transmitting  its 
vapour  over  ignited  oxide  of  copper;  and  he  infers  from 
the  products  of  its  decomposition — carbonic  add  and  chloride 
of  copper — that  it  is  composed  of  35'45  parts  or  one  equiva- 
lent of  chlorine,  and  6  parts  or  one  equivalent  of  carbon. 

A  fourth  compound  of  chlorine  and  carbon  is  described  in 
volume  xvii.  of  the  Annals  of  Philosophy.  It  was  brought 
from  Sweden  by  M.  Julin,  and  is  said  to  have  been  formed 
during  the  distillation  of  nitric  acid  from  crude  nitre  and  sul- 
phate of  iron.  It  occurs  in  small,  soft,  adhesive  fibres  of  a 
white  colour,  which  have  a  peculiar  odour,  somewhat  resem- 
bling  spermaceti.  It  fuses  on  the  application  of  heat,  and 
boils  at  a  temperature  between  350""  and  450""  F.  At  260°  F. 
it  sublimes  slowly,  and  condenses  again  in  the  form  of  long 
needles.  It  is  insoluble  in  water,  adds,  and  alkalies ;  but  is 
dissolved  by  hot  oil  of  turpentine  or  by  aloobol,  and  forms 
acicular  crystals  as  the  solution  cools.  It  bums  with  a  red 
flame,  emitting  much  smoke  and  fumes  of  muriatic  add  gat. 

The  nature  of  this  substance  is  shown  by  the  following  cir- 
cumstances. When  its  vapour  is  exposed  to  a  red  heat,  evo- 
lution of  chlorine  gas  ensues,  and  charcoal  is  deposited.  A 
similar  deposition  of  charcoal  is  produced  by  heating  it  with 
phosphorus,  iron,  or  tin ;  and  a  chloride  is  formed  at  the 
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mne  time.  Potasuum  burns  vividly  in  its  vapour  with  for- 
matioa  of  chloride  of  potassium  and  separation  of  charcoal. 
On  detonating  a  mixture  of  its  vapour  with  oxygen  gas  over 
mercury,  a  chloride  of  that  metal  and  carbonic  acid  are  gene- 
rated. From  these  facts,  the  greater  part  of  which  were 
ascertained  by  Messrs.  Phillips  and  Faraday,  it  follows  that 
the  substance  brought  from  Sweden  by  M.  Julin  is  a  com- 
pound of  chlorine  and  carbon ;  and  the  same  able  chemists 
conclude,  from  their  analysis,  that  its  elements  are  united  in 
the  ratio  of  one  equivalent  of  chlorine  to  two  equivalents  of 
carbon.     (An.  of  PhiL  xviii.  ISO.) 

-  CHLORIDE  OF  SULPHUR. 
Chioride  of  Sulphur  was  discovered  in  the  year  1804  by 
Dr.  Thomson,*  and  was  afterwards  examined  by  BerthoUet.-f- 
It  is  most  conveniently  prepared  by  passing  a  current  at 
dilorine  gas  oYtr  flowers  of  sulphur  gently  heated,  until 
nearly  all  the  sulphur  disappears.  Direct  combination  en- 
snes,  and  the  product,  distilled  off  from  uncombined  sulphur, 
is  obtained  under  the  form  of  a  liquid  which  appears  red  by 
reflected,  and  yellowish-green  by  transmitted  light.  Its  den- 
atyis  1-687.  It  is  vdatile  below  200°  F.,  boils  at  280°, 
yielding  vapour  which  has  a  density  of  4-70,  and  condenses 
again  without  change  in  cooling.     When  exposed  to  the  air 
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pborus,  and  53*17  parts  or  one  equivalent  and  a  half  of 
chlorine. 

When  sulphuretted  hydrogen  gas  is  transmitted  through  a 
vessel  containing  perchloride  of  phosphorus,  muriatic  acid  is 
diseng^ed,  and  a  liquid  produced  which  SeruUas  states  to  be 
a  compound  of  three  equivalents  of  chlorine,  one  of  phospho- 
rus, and  one  of  sulphur.     (An.  de  Ch.  et  Ph.  xlii.  25.) 

CHLOBOCAKBONIC  ACID  OAS. 
This  compound  was  discovered  in  1812  hy  Dr.  John  Davy, 
who  described  it  in  the  Philosophical  Transactions  for  that 
year,  under  the  name  of  phosgene  gas.  (From  fat  light  and 
ytmiv  to  produce.)  It  is  made  by  exposing  a  mixture  of 
equal  measures  of  dry  chlorine  and  carbonic  oxide  gases  to 
sunshine,  when  tafnd  but  silent  combination  ensues,  and  they 
contract  to  one  half  their  volume.  Diffused  day-light  also 
effects  their  union  slowly;  but  they  do  not  combine  at  all 
when  the  mixture  is  whtdly  excluded  from  light. 

Chlorocarbomc  add  gas  is  colourless,  has  a  strong  odour, 
and  reddens  dry  litmus  paper.  It  combines  with  four  times 
its  volume  of  ammoniacal  gas,  forming  a  white  solid  salt;  so 
that  it  possesses  the  characteriHtic  property  of  acids.  It  is 
decomposed  by  contact  with  water.  One  equivalent  of  each 
compound  undergoes  decomposition  ;  and  as  the  hydrogen  of 
the  water  unites  with  chlorine,  and  its  oxygen  with  carbonic 
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w«ter.  From  tb«  ratio  of  its  ingreUienta  Liebig  re^rds  it 
alio  OS  a  hydrate,  formed  of  two  equivalents  of  water  to  ooe 
of  chloral. 

Chloral  uoitea  with  iodine,  bromine,  and  sulphur.  It  may 
be  distilled  from  the  anhydrous  metallic  oxides  without 
change ;  but  when  its  vapour  is  transmitted  over  anhydrous 
baryta,  strootia,  or  lime  heated  to  213°  F.,  instant  decomposi- 
tioD  ensues  and  the  earth  becomes  incandescent.  Carbonic 
oxide  gas  escapes  at  the  same  time,  and  a  metaUic  chloride, 
intermixed  with  a  light  charcoal,  is  generated.  Similar  pro- 
ducts are  obtained,  but  of  course  more  charcoal,  when  the 
vapour  of  chloral  is  transmitted  over  iron  or  copper  at  a  red 
heat.  Chloral  is  readily  decomposed  by  the  alkalies  or  alka- 
line earths  in  the  state  of  hydrates  or  when  dissolved  in 
water.  During  this  action  the  new  chloride  of  carbon,  al- 
ready described,  is  deposited;  (page  321)  and  the  solution  is 
found  to  oHitain  muriatic  and  formic  acids,  united  of  course 
with  the  alkali.  To  undn^tand  the  source  of  these  three  pro- 
ducts, a  knowledge  of  the  compositioo  of  chloral  is  necessary. 
By  transmitting  its  vapour  over  ignited  oxide  of  copper, 
Liebig  converted  it  into  chloride  of  copper  and  carbonic  acid ; 
and  from  the  quantities  thus  obtained,  he  considers  chloral  to 
consist  of  9  equivalents  of  carbon,  6  of  chlorine,  and  4  of 
oxygen.  By  the  action  of  an  alkali,  4  equivalents  of  carbon 
take  S  of  chlorine,  and   constitute  chloride  of  carbon ;  the 


fame*  of  chloriDe  and  binoxide  of  nitrogen,  united  without 
anj  ixHtdenBation. 

In  the  mutual  decomposition  of  chloride  of  sodium  and 
latric  acid,  the  products  appear  to  be  chloro- nitrous  and 
cblorioe  gaaes,  and  nitrate  of  soda.  Their  formation  must 
obviously  depend  on  sodium  being  oxidized  at  the  expense 
-  of  nitric  acid,  while  part  of  the  chlorine  unites,  at  the  moment 
of  separation  from  the  sodium,  with  binoxide  of  nitrogen. 
(Phil.  Mag.  ix.  356.)  Theoretically,  it  should  be  mixed  with 
twice  its  volume  of  chlorine,  the  presence  of  which  must 
materially  obscure  the  properties  of  the  new  gas. 

ON  THE  NATURE  OF  CHLORINE. 
The  change  of  opinion  which  haa  gradually  taken  place 
among  chemiats  concemiog  the  nature  of  chlorine,  is  a  re> 
markable  fact  in  the  history  of  the  science.  The  hypothens 
of  Berthollet,  unfounded  as  it  is,  prevailed  at  one  time  uni- 
versally. It  explained  pbeDomeoa  so  satisfactorily,  and  in  a 
manner  so  oonidatent  with  the  received  chemical  doctrine, 
that  for  some  years  no  one  thought  of  calling  its  correctness 
into  question.  A  singular  reverse,  however,  has  taken  place ; 
and  this  hypothesis,  though  it  has  not  hitherto  been  rigidly 
dnnoiiBtTated  to  be  erroneous,  has  within  a  short  period  been 
generally  abandoned,  even  by  persons  who,  from  having 
1  it  in  early  life,  were  prejudiced  in  its  favour.     The 
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the  product.     Chemists  have  no  other  kind  of  proof  of  the 
composition  of  water,  of  potash,  or  of  any  other  compound. 

Very  different  is  the  evidence  in  support  of  the  theory  of 
BerthoUet.  According  to  that  view,  muriatic  acid  gas  is 
composed  of  absolute  muriatic  acid  and  water  or  its  elements; 
chlorine  consists  of  absolute  muriatic  acid  and  oxygen ;  and 
absolute  muriatic  acid  is  a  compound  of  a  certain  unknown 
base  and  oxygen  gas.  Now  all  these  propositions  are  gratu- 
itous. For,  in  the  first  place,  muriatic  add  gas  has  not  been 
proved  to  contain  water.  Secondly,  the  assertion  that  chlo- 
rine contains  oxygen  is  opposed  to  direct  experiment,  the 
most  powerful  deoxidizing  agents  having  been  unable  to  elicit 
from  that  gas  a  particle  of  oxygen.  Thirdly,  the  existence 
of  such  a  substance  as  absolute  muriatic  acid  is  wholly  with- 
out proof,  and  therefore  its  supposed  base  is  also  imaginary. 

But  this  is  not  the  only  weak  point  of  the  doctrine.  Since 
chlorine  is  admitted  by  this  theory  to  contain  oxygen,  it  was 
necessary  to  ex]Jain  how  it  happens  that  no  oxygen  can  be 
separated  from  it.  For  instance,  on  exposing  chlorine  to  a 
powerful  galvanic  battery,  oxygen  gas  does  not  appear  at  the 
positive  pole,  as  occurs  when  other  oxidized  bodies  are  sub- 
jected to  its  action ;  nor  is  carbonic  add  or  carbonic  oxide 
evolved,  when  chlorine  is  conducted  over  ignited  charcoaL 
To  account  for  the  oxygen  not  appearing  under  these  cir- 
cumstances, it  was  assumed  that  absolute  muriatic  acid  is 
unable  to  exist  in  an  uncombined  state,  and  therefore  cannot 
be  separated  from  one  substance  except  by  uniting  with 
another.  This  supposition  was  thought  to  be  supported  by 
the  analogy  of  certain  compounds,  such  as  nitric  and  oxalic 
adds,  which  appear  to  be  incapable  of  existing  except  when 
combined  with  water  or  some  other  substance.  The  analogy, 
however,  is  incomplete  ;  for  the  decomposition  of  such  com- 
pounds, when  an  attempt  is  made  to  procure  them  in  an 
insulated  state,  is  manifestly  owing  to  the  tendency  of  their 
elements  to  enter  into  new  combinations. 

Admitting  the  various  assumptions  which  have  been  stated, 
most  of  the  phenomena  recdve  as  consistent  an  explanation 
by  the  old  as  by  the  new  theory.  Thus,  when  muriatic  add 
gas  is  resolved  by  galvanism  into  chlorine  and  hydrogen,  it 
may  be  supposed  that  absolute  muriatic  acid  attaches  itself  to 
the  oxygen  of  the  water,  and  forms  chlorine ;  while  the  hy- 
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drogen  of  the  water  is  attracted  to  the  opposite  pole  of  the 
iNtttery.  When  chlorine  and  hydrogen  enter  into  combi- 
nation, the  oxygen  of  the  former  may  be  said  to  unite  with 
the  latter ;  and  that  muriatic  acid  gas  is  generated  by  the 
water  so  formed  combining  with  the  absolute  muriatic  add  of 
the  chlorine.  The  evolution  of  chlorine,  whicli  ensues  od 
mixing  muriatic  acid  and  peroxide  of  manganese,  is  explained 
on  the  supposition  that  absolute  muriatic  acid  unites  directly 
with  the  oxygen  of  the  black  oxide  of  manganese- 
It  will  not  he  difficult,  after  these  observations,  to  account 
for  the  preference  shown  to  the  new  theory.  In  an  exact 
science,  such  as  chemistry,  every  step  of  which  is  required  to 
be  matter  of  demonstration,  there  is  no  room  to  hesitate  be- 
tween two  modes  of  reasoning,  one  of  which  is  hypothetical, 
and  the  other  founded  on  experiment.  Nor  is  there,  in  the 
present  instance,  temptation  to  deviate  from  the  strict  logic 
of  the  science ;  for  there  is  not  a  single  phenomenon  which 
may  not  be  fully  explained  on  the  new  theory,  in  a  manner 
quite  consistent  with  the  laws  of  chemical  action  in  general. 
It  was  supposed,  indeed,  at  one  time,  that  the  sudden  decom- 
position of  water,  occasioned  by  the  action  of  that  liquid  on 
the  compounds  of  chlorine  with  some  simple  substances,  con- 
stitutCB  a  real  objection  to  the  doctrine;  but  it  will  after- 
wards appear,  that  the  acquisition  of  new  facts  has  deprived 
this  argument  of  all  its  force.     While  nothing  therefore  can 


usually  in  cryBtalline-  scales,  having  the  appearance  of  mica- 
ceous iron  ore;  but  it  sometimes  crystallizes  in  large  rbom- 
boidal  plates,  the  primitive  form  of  which  is  a  rhombic  octo- 
hedron.  The  crystals  are  best  prepared  by  exposing  to  the 
Mr  a  solution  of  iodine  in  hydriodic  acid.  Its  specific  gra- 
vity, according  to  Gsy-Lussac,  is  4-948 ;  but  Dr.  ThaioBon 
found  it  only  30844.  At  225°  F.  it  is  fused,  and  enters  into 
ebullition  at  347°;  but  when  moisture  is  present,  it  is  sub- 
limed rapidly  even  below  the  degree  of  boiling  water,  and 
suffers  a  gradual  dissipation  at  low  temperatures.  Its  vapour 
is  of  an  exceedingly  rich  violet  colour,  a  character  to  which  it 
owes  the  name  of  Iodine.  (From  'I<v£i|f,  violet^oloured.) 
This  vapour  is  remarkably  dense,  its  specific  gravity,  as  cal- 
culated by  the  formula  of  page  206,  being  8-749,  or  8-716 
OS  directly  observed  by  Dumas.  Hence  100  cubic  inches,  at 
the  standard  temperature  and  pressure,  must  weigh  271*32 
grains.  Dr.  Thomson  infers,  partly  from  the  experiments  of 
Oay-Lussac,  and  partly  from  his  own  researches,  that  the 
atomic  weight  of  iodine  is  124 ;  but  according  to  the  experi- 
ments of  Berzelius  its  equivalent  is  126  26.  I  shall  adopt 
126  as  a  near  approximation  to  the  real  number. 

Iodine  is  a  non-conductor  of  electricity,  and,  like  oxygen 
and  chlorine,  is  a  n^ative  electric.  It  has  a  very  acrid  taste, 
and  its  odour  is  almost  exactly  similar  to  that  of  chlorine. 
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rine,  giving  rise  to  decomposition  of  water,  and  the  formation 
of  iodic  and  hydriodic  acids. 

Pure  iodine  is  not  influenced  chemically  by  the  imponder- 
ables. Exposure  to  the  direct  solar  rays,  or  to  strong  shocks 
of  electricity,  does  not  change  its  nature.  It  may  be  passed 
through  red-hot  tubes,  or  over  intensely  ignited  charcoal, 
without  any  appearance  of  decomposition ;  nor  is  it  affected 
by  the  agency  of  galvanism.  Chemists,  indeed,  are  unable 
to  resoWe  it  into  more  simple  parts,  and  consequently  it  is 
regarded  as  an  elementary  principle. 

The  violet  hue  of  the  vapour  of  iodine  is  for  many  pur- 
poses a  sufiiciently  sure  indication  of  its  presence.  A  far 
more  delicate  test,  however,  was  discovered  by  Colin  and 
Oaultier  de  Claubry.  They  found  that  iodine  has  the  pro- 
perty of  uniting  with  starch,  and  of  forming  with  it  a  com- 
pound insoluble  in  cold  water,  which  is  recognised  with  cer- 
tainty by  its  deep  blue  colour.  This  test,  according  to  Stro- 
meyer,  is  so  delicate,  that  a  liquid  containing  1—460,000  of 
its  weight  of  iodine,  receives  a  blue  tinge  from  a  scdution  of 
starch.  Two  precautions  should  be  observed  to  insure  suc- 
cess. In  the  first  place,  the  iodine  must  be  in  a  free  state ; 
for  it  is  the  iodine  itself  only  and  not  its  compounds  which 
unite  with  starch.  Secondly,  the  solution  should  be  quite 
cold  at  the  time  of  adding  the  starch ;  for  boiling  water  de- 
composes the  blue  compound,  and  consequently  removes  its 
colour. 

IODINE    AND    HYDROGEN — HYDRIODIC    ACID   GAS. 

When  a  mixture  of  hydrogen  and  the  vapour  of  iodine  is 
transmitted  through  a  red-hot  porcelain  tube,  direct  combi- 
nation takes  place  between  them,  and  a  colourless  gas,  pos- 
sessed of  acid  properties,  is  the  product.  To  this  substance 
the  term  Hydriodic  acid  gas  is  applied. 

This  gas  may  be  obtained  quite  pure  by  the  action  of 
water  on  iodide  of  phosphorus.  Any  convenient  quantity  of 
the  iodide  is  put  into  a  small  glass  retort,  together  wiUi  a 
little  water ;  and  a  gentle  heat  is  applied.  Mutual  decom- 
position ensues ;  the  oxygen  of  the  water  unites  with  phos* 
phorus,  and  its  hydrogen  with  iodine,  giving  rise  to  the  for- 
mation of  phosphoric  and  hydriodic  acid,  the  latter  of  which 
passes  over  in  the  form  of  a  colourless  gas.     The  preparation 


of  the  iodide  requires  care ;  since  phosphorus  and  iodine 
act  so  energedcally  on  each  other  by  mere  contact,  that  the 
phosphorus  is  generally  inflamed,  and  a  great  part  of  the 
iodine  expelled  in  the  form  of  vapour.  This  inconvenience 
is  avoided  by  putting  the  phosphorus  into  a  tube  sealed  at 
one  end,  and  about  twelve  inches  long,  displacing  the  air  by 
a  current  of  dry  carbonic  add  gas,  and  then  MHing  the  iodine 
by  degrees.  The  action  should  be  promoted  towards  the 
close  by  a  gentle  heat.  The  materials  should  be  well  dried 
with  Iribulous  paper,  and  the  iodide  preserved  in  a  well 
stopped  dry  vessel ;  for  even  atmospheric  humidity  gives  rise 
to  copious  white  fumes  of  hydriodic  acid.  The  proportions 
usually  employed  are  one  part  of  phosphorus  to  about  twelve 
of  iodine. 

Another  process  has  been  recommended  by  M.  F.  d'Arcet, 
which  con»8t8  in  evaporating  bypopfaosphorous  acid  until  it 
b^na  to  yidd  phosjrfiuretted  hydrogen,  mixing  it  with  an 
equal  weight  of  iodine,  and  applying  a  gentle  heat.  Hydri- 
odic acid  gas  of  great  purity  is  then  rapidly  disengaged  ;  its 
production  depending,  as  in  the  former  process,  on  the  de- 
composition of  water. 

Hydriodic  acid  gas  has  a  very  sour  taste,  reddens  vegetable 
blue  colours  without  destroying  them,  produces  dense  white 
fumes  when  mixed  with  atmospheric  air,  and  has  an  odour 
similar  to  that  of  muriatic  acid  gas.     It  combines  with  alka- 
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him  to  suspect  that  the  composition  of  hydriodic  must  be 
analogous  to  that  of  muriatic  acid  gas ;  that,  as  100  measures 
of  the  latter  contain  50  of  hydrogen  and  50  of  chlorine,  100 
measures  of  the  former  consist  of  50  of  hydrogen  and  50  of 
the  vapour  of  iodine.  If  this  view  be  correct,  then  the  com- 
position of  hydriodic  acid  gas,  by  weight,  may  be  determined 
by  calculation.     For  since 

Grmini. 

50  cubic  inches  of  the  vapour  of  iodine  weigh    135'66 
50  hydrogen  gas  .         1*0767 

100  of  hydriodic  acid  gas  must  weigh         136'7367 

and  its  speci6c  gravity  will  be  4*4092.  Now  Gay-Lussac  as- 
certained,  by  weighing  hydriodic  add  gas,  that  its  density  is 
4*443, — a  number  which  corresponds  so  closely  with  the  pre- 
ceding, as  to  leave  no  doubt  that  the  principle  of  the  calcula- 
tion is  correct.  There  is  good  reason  to  believe,  indeed,  that 
the  calculated  result,  if  not  rigidly  exact,  is  very  near  the 
truth ;  for  Gay-Lussac  states,  that  the  number  determined  by 
him  directly  is  too  high.     (An.  de  Chimie,  vol.  xcL  p.  16.) 

Hydriodic  acid  is  regarded  as  a  compound  of  one  equiva- 
lent of  each  element, — an  opinion  supported  both  by  the  pro- 
portions in  which  iodine  combines  with  other  substances^  and 
by  the  analogy  of  muriatic  acid.  The  constitution  of  hydri- 
odic acid  may  therefore  be  thus  stated : 

By  volume.  By  weigfaL 

Iodine  .  50        .         126  or  one  equivalent. 

Hydrogen    .  50         •  1  or  one  equivalent, 

and  its  equivalent  is  127. 

When  hydriodic  acid  gas  is  conducted  into  water  till  that 
liquid  is  fully  charged  with  it,  a  colourless  acid  scdulion  is 
obtained,  which  emits  white  fumes  on  exposure  to  the  air, 
and  has  a  density  of  1*7.  It  may  be  prepared  also  by  trans- 
mitting a  current  of  sulphuretted  hydrogen  gas  through 
water  in  which  iodine  in  fine  powder  is  suspended.  The 
iodine,  from  having  a  greater  affinity  than  sulphur  for  hydro- 
gen, decomposes  the  sulphuretted  hydrogen ;  and  hence  sul- 
phur is  set  free,  and  hydriodic  acid  produced.  As  toon  as  the 
iodine  has  disappeared,  and  become  colourless,  it  is  heated 
for  a  short  time  to  expel  the  excess  of  sulphuretted  hydrogen, 
and  subsequently  filtered  to  separate  free  sulphur. 
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The  KdutioD  of  hydriodic  acid  is  readily  decomposMi. 
Thusa  OD  ezponira  during  a  few  hours  to  the  atmcwphere,  the 
oxygen  of  the  air  forms  water  with  the  hydrogen  of  the  acidj 
and  tela  iodine  free.  The  solution  is  found  to  have  acquired 
a  yellow  tint  from  the  presence  of  uncoiubined  iodine,  and  a 
blue  colour  is  occaiioaed  by  the  addition  of  starch.  Nitric 
and  sulphuric  acids  likewise  decompose  it  by  yielding  oxy- 
gen, the  former  being  at  the  same  time  converted  into  nitrous, 
and  the  huter  into  sulphurous  acid.  Chlorine  unites  directly 
with  the  hydrogen  of  the  hydriodic  acid,  and  muriatic  acid  is 
formed.  The  separation  of  iodine  in  all  these  cases  may  be 
proved  in  the  way  just  mentioned.  These  circumstances 
afford  a  sure  test  of  the  presence  of  hydriodic  add,  whether 
free  w  in  combioation  with  alkalies.  All  that  is  necessary, 
is  to  mix  a  cold  solution  of  starch  with  the  liquid,  previously 
concentrated  by  evaporation  if  necessary,  and  then  add  a  few 
drops  of  strong  sulphuric  acid.  A  blue  colour  will  make  its 
appearance  if  hydriodic  acid  is  present. 

Hydriodic  acid  is  frequently  met  with  in  nature  in  combi- 
nation with  potash  or  soda.  Under  this  form  it  occurs  in 
many  salt  and  other  mineral  springs,  both  in  England  and  on 
the  continent  It  has  been  detected  in  the  water  of  the  Medi- 
terranean, in  the  oyster  and  some  other  marine  molluscous 
aninwls,  in  sponges,  and  in  most  kinds  of  sea-weed.  In  some 
of  these  productions,  such  as  the  Fucui  serratus  and  Fucui 


Its  denraty  is  considerable,  as  it  unks  rapidly  in  sulphuric 
add.  Wb«i  heated  to  the  temperature  of  about  600°  F.  it 
is  fused,  and  at  the  same  time  resolved  into  oxygen  and 
iodine. 

Iodic  arid  deliquesces  in  a  moist  atmosphere,  and  is  very 
Bolutde  in  water.  Ttie  liquid  acid  thus  formed  reddens  ve- 
getable Uue  colours,  and  afterwards  destroys  them.  On  eva- 
porating the  solution,  a  thick  mass  of  the  consistence  of  paste 
is  left,  which  is  hydrous  iodic  acid  ;  and  which,  by  the  cau~ 
tious  application  of  beat,  may  be  rendered  anhydrous.  It 
acts  powerfully  on  inflammable  substances.  With  charcoal, 
sulphur,  sugar,  and  similar  combustibles,  it  forms  mixtures 
which  detonate  when  heated.  It  enters  into  combination 
with  metallic  oxides,  and  the  resulting  salts  are  called  iodatei. 
These  compounds,  like  the  chlorates,  yield  pure  oxygen  by 
heat,  and  deflagrate  when  thrown  on  burning  charcoal. 

Iodic  arid  was  said  by  Davy  to  unite  with  several  orids, 
such  as  the  sulphuric,  nitric,  phosphoric,  and  boracic  acids, 
and  to  form  ciystallizable  compounds  with  the  three  former ; 
but  Serullas  denies  the  existence  of  such  compounds.  It  is 
decomposed  by  sulphurous,  phosphorous,  and  hydriodic  acids, 
and  by  sulphuretted  hydrogen.  Iodine  in  each  case  is  set  at 
liberty,  and  may  be  detected  as  usual  by  starch.  Muriatic 
and  iodic  acids  decompose  each  other,  water  and  chloride  of 
iodine  being  generated. 
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fine,  but  is  of  a  reddish-orange  if  iodine  is  in  excess.     It  is 
converted   by   heat   into  an   orange- coloured  liquid,  which 
yields  a  yapour  of  the  same  tint  on  increase  of  temperature. 
It  deliquesces  in  the  open  air,  and  dissolves  freely  in  water. 
Its  solution  is  colourless,  is  very  sour  to  the  taste,  and  red- 
dens vegetable  blue  colours,  but  afterwards  destroys  them. 
From  its  add  properties  Sir  H.  Davy  gave  it  the  name  of 
ehloriodic  add*    Oay-Lussac,  on  the  contrary,  calls  it  chloride 
of  iodine  J  conceiving  that  the  acidity  of  its  solution  arises 
from  the  presence  of  muriatic  and  iodic  acids,  which  he  sup- 
poses to  be  generated  by  decomposition  of  water.    From  the 
observations  of  SeruUas  and  Dumas  it  appears  that  there 
exist  two  compounds  of  chlorine  and  iodine,  by  the  difiPerent 
action  of  which  on  water  the  discordant  opinions  of  Davy 
and  Gay-Lussac  may  be  explained.     The  chloride  is  soluble 
in  water,  alcohol,  and  ether  without  change ;  but  the  per-, 
chloride  is  resolved  by  water  into  muriatic  and  iodic  acids, 
the  latter  of  which  may  be  precipitated  either  by  rectified 
alcohol  or  strong  sulphuric  acid.     The  substance  commonly 
obtained  by  transmitting  chlorine  gas  over  iodine  is  a  mixture 
of  the  two  chlorides;   and  on  dissolving  it  in  water,  and 
agitating  with  ether,  the  undecomposed  chloride  is  removed 
by  the  ether,  while  the  iodic  acid  of  the  decomposed  per* 
chloride  is  precipitated.     The  composition  of  these  chlorides 
has  not  been  precisely  determined.     They  are  both  converted 
by  alkaline  solutions  into  muriatic  and  iodic  acids. 

Iodide  of  Nt/roge».-*From  the  weak  a£Sinity  that  exists 
between  iodine  and  nitrogen,  these  substances  cannot  be  made 
to  unite  directly.  But  when  iodine  is  put  into  a  solution  of 
ammonia,  the  alkali  is  decomposed ;  its  elements  unite  with 
different  portions  o{  iodine,  and  thus  cause  the  formation  of 
hydriodic  add  and  iodide  of  nitrogen.  The  latter  subsides 
in  the  form  of  a  dark  powder,  which  is  characterised,  like 
chloride  of  nitrogen,  by  its  explosive  property.  It  detonates 
violently  as  soon  as  it  is  dried ;  and  sUght  pressure,  while 
moist,  produces  a  similar  effect.  Heat  and  light  are  emitted 
during  the  explosion,  and  iodine  and  nitrogen  are  set  free. 
According  to  the  experiments  of  M.  Colin,  iodide  of  ni- 
trogen consists  of  one  equivalent  of  nitrogen  and  three  of 
iodine. 

It  is  conveniently  made,  according  to  SeruUas,  by  satu- 


342  IODINE. 

rating  alcohol  of  0*862  with  iodine,  adding  a  large  quantity 
of  pure  ammonia,  and  agitating  the  mixture.  On  diluting 
with  water,  iodide  of  nitrogen  subsides,  which  should  be 
washed  by  repeated  affusion  of  water  and  decantation.  As 
thus  prepared  it  is  very  finely  divided,  and  may  be  pressed 
under  water  without  detonating  ;  but  if,  subsequently  to  its 
formation,  it  is  put  in  contact  with  pure  ammonia,  it  will 
afterwards  detonate  with  the  same  facility  as  that  prepared  in 
the  usual  manner. 

SeruUas  has  also  remarked  that  water  and  iodide  of  nitrogen 
mutually  decompose  each  other,  giving  rise  to  the  formation 
of  hydriodic  and  iodic  acids  and  ammonia.  The  change 
takes  place  slowly  in  cold  water ;  but  it  is  completed  in  a 
few  minutes,  and  with  scarcely  any  disengagement  of  nitrogen, 
when  gentle  heat  is  applied.  When  a  little  nitric  or  sul- 
phuric acid  is  used,  ammonia  and  iodic  add  are  alone  pro- 
duced.    (An.  de  Ch.  et  Ph.  xlii.  201.) 

Iodide  of  Phosphorus. — Iodine  and  phosphorus  combine 
readily  in  the  cold,  evolving  so  much  caloric  as  to  kindle  the 
phosphorus,  if  the  experiment  is  made  in  the  open  air ;  but 
in  close  vessels  no  light  appears.  The  combination  takes 
place  in  several  proportions,  which  have  not  been  determined. 
Its  most  interesting  property  is  that  of  decomposing  water, 
with  formation  of  hydriodic  and  phosphoric  acids. 

Iodide  of  Sulphur. — ^This  compound  is  formed  by  heating 
gently  a  mixture  of  iodine  and  sulphur.  The  product  has  a 
dark  colour  and  radiated  appearance,  like  antimony.  Its 
elements  are  easily  disunited  by  heat. 

PeriodiJe  of  Carbon. — When  a  solution  of  pure  potash  in 
alcohol  is  mixed  with  an  alcoholic  solution  of  iodine,  a  por- 
tion of  alcohol  is  decomposed  ;  and  its  hydrogen  and  carbon, 
uniting  separately  with  iodine,  give  rise  to  periodide  of  car- 
bon and  hydriodic  acid.  The  latter  combines  with  the  potash, 
and  remains  in  solution.  The  former  has  a  yellow  colour 
like  sulphur,  and  forms  scaly  crystals  of  a  pearly  lustre ;  its 
taste  is  very  sweet,  and  it  has  a  strong  aromatic  odour  re* 
sembling  saffron.  It  was  discovered  by  Senillas,  and  de- 
scribed by  him  as  a  hydro-carburet  of  iodine ;  but  its  real 
nature  was  pointed  out  by  Mitscherlich.  (An.  de  Ch.  et  Ph. 
xxxvii.  86.) 


The  protiodide  is  formed  by  distilliDg  a  mixture  of  the 
preenliiig  compound  with  corrosive  sublimate.  It  is  a  liquid 
of  a  sweet  taste,  and  has  a  penetrating  ethereal  odour. 


SECTION  XIII. 


This  peculiarly  interesting  substaoce  was  discovocd  about 
two  years  ago  by  M.  Balard  of  Montpellier,  and  the  first  de^ 
BcriptioD  of  its  properties  appeared  in  the  Annates  de  Cliimte 
et  de  P/iysigue  for  August  1826.  The  name  originally  ap- 
plied to  it  was  muride ;  but  it  has  been  since  changed  to 
brome,  a  word  derived  from  the  Greek  ^ptOfMs,  graveolentia, 
signifying  a  strong  or  rank  odour.  This  appellation  may  be 
conveniently  changed  in  English  into  that  of  bromine. 

Bromine  in  its  chemical  relations  bears  a  close  analogy  to 
chlorine  and  iodine,  and  has  hitherto  been  always  found  in 
nature  associated  with  the  former,  and  sometimes  also  with 
the  latter.  It  exists  in  sea  water  in  the  form  of  hydrobromic 
add  combined,  in  the  opinion  of  M.  Balard,  with  magnesia. 
Its  relative  quantity,  however,  is  very  minute ;  and  even  the 
UDcrystallizable  residue  called  bittern,  left  after  muriate  of 
soda  has  been  separated  from  sea  water  by  crystallization, 
contains  it  in  small  proportion.     It  may  apparently  be  re- 
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argument  i^ainst  it.  He  finds  that  when  a  compound  of 
bromine  and  iodine  is  mixed  with  starch,  and  exposed  to  the 
influence  of  galvanism ,  bromine  appears  at  the  positive  and 
iodine  at  the  negative  wire,  where  the  starch  acquires  a  blue 
tint.  On  making  the  experiment  with  bromine  containing  a 
little  bromide  of  iodine,  the  same  appearance  ensues;  but  if 
iodine  is  not  previously  added,  the  starch  does  not  receive  a 
tint  of  blue. 

Bromine  is  in  most  cases  easily  detected  by  means  of  chlo- 
rine ;  for  this  substance  displaces  bromine  from  its  combina- 
tion with  hydrogen,  metals,  and  most  other  bodies.  The  ap- 
pearance of  its  vapour  or  the  colour  of  its  solution  in  ether 
will  then  render  its  presence  obvious. 

The  combining  proportion  of  bromine,  according  to  the 
composition  of  bromide  of  silver,  as  determined  by  Berze- 
lius,  is  78'26. 

Bromine,  like  chlorine,  forms  a  crystalline  hydrate  when 
exposed  to  32°  F.  in  contact  with  water.  The  crystals  are 
octohedral,  of  a  beautiful  red  tint,  and  suffer  decomposition 
at  64°.     (Lowig.) 

HYDRO-BROMIC    ACID   GAS. 

No  chemical  action  takes  place  between  the  vapour  of  bro- 
mine and  hydrogen  gas  at  common  temperatures,  not  even  by 
the  agency  of  the  direct  solar  rays ;  but  on  introducing  a 
lighted  candle,  or  a  piece  of  red-hot  iron,  into  the  mixture, 
combination  ensues  in  the  vicinity  of  the  heated  body,  though 
without  extending  to  the  whole  mixture,  and  without  explo- 
sion.  The  combination  is  readily  effected  by  the  action  of 
bromine  on  some  of  the  gaseous  compounds  of  hydrogen. 
Thus  on  mixing  the  vapour  of  bromine  with  hydriodic  add, 
sulphuretted  hydrogen,  or  phosphuretted  hydrogen  gases, 
decomposition  ensues,  and  hydro-bromic  acid  gas  is  generated. 
It  may  be  conveniently  made  for  experimental  purposes  by  a 
process  similar  to  that  for  forming  hydriodic  add.  A  mix- 
ture  of  bromine  and  phosphorus,  slightly  moistened,  yiddsy 
by  the  aid  of  gentle  heat,  a  large  quantity  of  pure  hydro- 
bromic  add  gas,  which  should  be  collected  either  in  dry  glass 
bottles,  or  over  mercury. 

Hydro-bromic  acid  gas  is  colourless,  has  an  add  taste,  and 
pungent  odour.     It  irritates  the  glottis  powerfully,  so  as  to 
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mine;  and  ha  tinuHi  with  potassium  is  attended  with  such  in. 
tense  disengagement  of  heat  as  to  cause  a  vivid  flash  of  light, 
and  often  to  bunt  the  vessel  in  vhich  the  experiment  is  per- 
foTBied.  Its  affinity  for  metallic  oxides  is  feeble,  but  it  has 
a  strong  attraction  for  metals.  By  the  action  of  alkalies  it  is 
restdved  into  faydro-bromic  and  bromic  acids,  suffering  the 
same  kind  of  change  as  chlorine  or  iodine  when  similarly 
treated. 

Bromine  is  usually  extracted  from  bittern,  and  its  mode  of 
preparation  is  founded  on  the  property  which  chlorine  pos- 
sesses of  decomposing  hydro-bromic  acid,  uniting  with  its 
hydrogen,  and  setting  bromine  at  liberty.  Accordin^y,  on 
adding  chlorine  to  bittern,  the  free  bromine  immediately 
Gtnnmunioates  an  orangfr-yellow  tint  to  the  liquid ;  and  on 
heating  tbe  solution  to  its  boiUng  point,  the  red  vapours  of 
bromine  are  expelled,  and  may  be  condensed  by  being  ccm- 
ducted  into  a  lube  surrounded  with  ice.  It  was  this  change 
of  colour  produced  by  chlorine  that  led  to  the  diticovery  of 
bromine.  The  method  recommended  by  M.  Balard  for  pro- 
curing this  substance,  as  well  as  for  detecting  the  presence  of 
hydro-bromic  acid,  is  to  transmit  a  current  of  chlorine  gas 
through  bittern,  and  then  to  agitate  a  portion  of  sulphuric 
ether  with  the  liquid.  The  ether  dissolves  the  whole  of  the 
bromine,  from  which  it  receives  a  beautiful  hyacinth-red  tint, 
and  on  standing  it  rises  to  the  surface.     When  the  ethereal 
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argument  against  it.  He  finds  that  when  a  compound  of 
bromine  and  iodine  is  mixed  with  starch,  and  exposed  to  the 
influence  of  galvanism,  bromine  appears  at  the  positive  and 
iodine  at  the  negative  wire,  where  the  starch  acquires  a  blue 
tint.  On  making  the  experiment  with  bromine  containing  a 
little  bromide  of  iodine,  the  same  appearance  ensues ;  but  if 
iodine  is  not  previously  added,  the  starch  does  not  receive  a 
tint  of  blue. 

Bromine  is  in  most  cases  easily  detected  by  means  of  chlo- 
rine ;  for  this  substance  displaces  bromine  from  its  combina- 
tion with  hydrogen,  metals,  and  most  other  bodies.  The  ap- 
pearance of  its  vapour  or  the  colour  of  its  solution  in  ether 
will  then  render  its  presence  obvious. 

The  combining  proportion  of  bromine,  according  to  the 
composition  of  bromide  of  silver,  as  determined  by  Berze- 
lius,  is  78-26. 

Bromine,  like  chlorine,  forms  a  crystalline  hydrate  when 
exposed  to  32^  F.  in  contact  with  water.  The  crystals  are 
octohedral,  of  a  beautiful  red  tint,  and  suffer  decomposition 
at  54°.     (Lowig.) 

HYDRO-BROMIC    ACID   GAS. 

No  chemical  action  takes  place  between  the  vapour  of  bro- 
mine and  hydrogen  gas  at  common  temperatures,  not  even  by 
the  agency  of  the  direct  solar  rays ;  but  on  introducing  a 
lighted  candle,  or  a  piece  of  red-hot  iron,  into  the  mixture^ 
combination  ensues  in  the  vicinity  of  the  heated  body,  though 
without  extending  to  the  whole  mixture,  and  without  explo* 
sion.  The  combination  is  readily  effected  by  the  action  of 
bromine  on  some  of  the  gaseous  compounds  of  hydrogen. 
Thus  on  mixing  the  vapour  of  bromine  with  bydriodic  add, 
sulphuretted  hydrogen,  or  phosphuretted  hydrogen  gases, 
decomposition  ensues,  and  hydro-bromic  acid  gas  is  gmerated. 
It  may  be  conveniently  made  for  experimental  purposes  by  a 
process  similar  to  that  for  forming  hydriodic  acid.  A  mix- 
ture of  bromine  and  phosphorus,  slightly  moistened,  yields, 
by  the  aid  of  gentle  heat,  a  large  quantity  of  pure  hydro- 
bromic  acid  gas,  which  should  be  collected  either  in  dry  glass 
bottles,  or  over  mercury. 

Hydro-broniic  acid  gas  is  colourless,  has  an  acid  taste,  and 
pungent  odour.     It  irritates  the  glottis  powerfully,  so  as  to 


BROMINE.  347 

excite  oougfa,  and  when  mixed  with  moist  air,  yields  white 
T^murst  which  are  denser  than  those  occasioned  under  the 
same  circumstaaces  by  muriatic  acid  gas.  It  undergoes  no 
decomposidon  when  transmitted  through  a  red-hot  tube  either 
alone,  or  mixed  with  oxygen.  It  is  not  affected  by  iodine ; 
but  chlorine  decomposes  it  instantly,  with  production  of 
muriatic  add  gas,  and  depontion  of  bromine.  It  may  be  pre. 
served  without  change  over  mercury ;  but  potassium  and 
tin  decompose  it  with  facility,  the  former  at  common  tempe- 
ratures, and  the  latter  by  the  aid  of  heat. 

Hydro-bromic  acid  gas  is  very  soluble  in  water.  The 
aqueous  solution  may  be  made  by  treating  bromine  with  sul. 
phuretted  hydrogen  dissolved  in  water,  or  still  better,  by 
transmitting  a  current  of  hydro-bromic  acid  gas  through  pure 
water.  The  liquid  becomes  hot  during  the  condensation, 
acquires  great  density,  increases  in  volume,  and  emits  white 
fumes  when  exposed  to  the  air.  This  acid  solution  is  colour- 
less when  pure,  but  possesses  the  property  of  dissolving  a 
Iai;ge  quantity  of  bromine,  and  then  receives  the  tint  of  that 
substance. 

Chlorine  decomposes  the  solution  of  hydro-bromic  acid  in 
an  instant.  Nitric  acid  likewise  acts  upon  it,  though  less 
suddenly,  occasioning  the  disengagement  of  bromine,  and  pro- 
bably the  formation  of  water  and  nitrous  acid.  Nitro-hydnv 
bromic  add  is  analogous  to  aqua  regia,  and  possesses  the 
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ployed ;  and,  2,  when  hydriodic  acid  gas  is  decomposed  by 
bromine,  the  resulting  hydro-bromic  acid  occupies  the  very 
same  space  as  the  gas  which  is  decomposed.  It  is  hence  ap- 
parent that  hydro-bromic  is  analogous  to  hydriodic  and  mu- 
riatic acid  gases ;  or,  in  other  words,  that  100  measures  of 
hydro-bromic  acid  gas  contain  fifty  measures  of  the  vapour 
of  bromine,  and  fifty  of  hydrogen.  By  weight  it  may  be 
regarded  as  a  compound  of  one  equivalent  of  each  element. 

Since  bromine  decomposes  hydriodic,  and  chlorine  hydro- 
bromic  acid,  it  is  obvious  that  bromine,  in  relation  to  hydro- 
gen, is  intermediate  between  chlorine  and  iodine ;  for  it  has 
a  stronger  affinity  for  hydrogen  than  lodinej  and  a  weaker 
than  chlorine.  The  affinity  of  bromine  and  oxygen  for  hydro- 
gen appears  nearly  similar ;  for  while  oxygen  cannot  detach 
hydrogen  from  bromine,  bromine  does  not  decompose  watery 
vapour.  ' 

The  salts  of  hydro-bromic  acid  are  termed  hydro-bromates. 
Like  the  free  acid,  they  are  decomposed,  and  the  presence  of 
bromine  is  detected,  by  means  of  chlorine.  On  mixing  a  so- 
luble hydro-bromate  with  nitrate  of  lead,  silver,  and  of  pro- 
toxide of  mercury,  white  precipitates  are  obtained,  which  are 
very  similar  in  appearance  to  the  chlorides  of  those  metals, 
but  which  are  metallic  bromides.  On  the  addition  of  chlorine, 
the  vapour  of  bromine  is  evolved. 

BROMIC   ACID. 

The  only  compound  yet  known  of  bromine  and  oxygen  is 
that  formed  by  the  action  of  pure  potash  on  bromine,  when 
by  decomposition  of  water,  and  the  union  of  its  elements 
with  separate  portions  of  bromine,  bromic  and  hydro-bromic 
acids  are  generated.  Of  the  bromate  and  hydro-bromate  of 
potash  thus  produced,  the  former  is  much  less  soluble  in 
water  than  the  latter,  and  by  means  of  this  difference  in 
solubility  the  two  salts  are  easily  separated.  The  bromate  of 
tlie  other  alkalies  and  alkaline  earths  may  be  prepared  in  a 
similar  manner. 

The  bromates  are  analogous  to  the  chlorates  and  iodates. 
Thus  bromate  of  potash  is  converted  by  heat  into  bromide 
of  potassium,  with  disengagement  of  pure  oxygen  gas,  de- 
flagrates like  nitre  when  thrown  on  burning  charooal,  and 
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fflmu  with  sulfAur  a  mixture  which  detonates  by  percussion. 
The  add  of  the  bromates  is  decomposed  by  deoxidizing 
agents,  such  aa  sulphurous  acid  and  sulphuretted  hydrt^en, 
in  the  same  manner  as  the  acid  of  the  iodates.  The  bro- 
mates likewise  suffer  deccMnpositioa  from  the  action  of  bydro- 
brdlnic  and  muriatic  adds. 

Bromate  c^  potash  is  said  not  to  predpitate  the  salts  c^ 
lead,  but  to  occasion  a  white  predpitate  with  nitrate  of  sil- 
ver, and  a  yellowish-wbtte  with  proto-nitrate  of  mercury ; 
characters  which,  if  tru^  serve  as  a  good  test  to  distinguish 
bromate  from  iodate  and  chlorate  of  potash. 

Bromic  add  may  be  procured  in  a  separate  state  by  decom- 
posing a  dilute  solution  of  bromate  of  baryta  with  sulphuric 
add,  so  as  to  predpitate  the  whole  of  the  baryta.  The  re- 
sulting solution  of  bromic  acid  may  be  conceotrated  by  slow 
evaporation  until  it  acquires  the  consistence  of  syrup;  but 
on  raising  the  tanperature,  in  order  to  expel  all  the  water, 
one  part  ot  the  add  is  volatilized,  and  the  other  resolved  into 
oxygen  and  bromioe.  A  similar  result  took  place  when  the 
evaporation  was  conducted  in  vacuo  with  sulphuric  acid  ;  and 
accordingly  all  attempts  to  procure  anhydrous  bromic  acid 
have  hitherto  failed. 

Bromic  add  has  scarcely  any  odour,  but  its  taste  is  very 
add,  though  not  at  all  corrosive.  It  reddens  litmus  paper 
powerfully  at  first,  and  soon  after  destroys  its  colour.     It  is 
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it  enables  metals  to  burn  as  in  an  atmosphere  of  chlorine, 
doubtless  giving  rise  to  the  formation  of  metallic  chlorides 
and  bromides. 

Chloride  of  bromine  is  soluble  in  water  without  decomposi- 
tion; for  the  solution  possesses  the  colour,  odour,  and  bleach- 
ing properties  of  the  compound,  and  discharges  the  colour  of 
litmus  paper  without  previously  reddening  it.  By  the  action 
of  the  alkalies  it  is  decomposed,  being  converted,  by  means  of 
the  elements  of  water,  into  muriatic  and  bromic  acids. 

Bromide  of  Iodine. — These  substances  act  readily  on  each 
other,  and  appear  capable  of  uniting  in  two  proportions.  The 
proto-bromide  is  a  solid,  convertible  by  heat  into  a  reddish 
brown  vapour,  which,  in  cooling,  condenses  into  crystals  of 
the  same  colour,  and  of  a  form  resembling  that  of  fern  leaves. 
An  additional  quantity  of  bromine  converts  these  crystals  into 
a  fluid,  which  in  appearance  is  like  a  strong  solution  of  iodine 
in  hydriodic  acid.  This  compound  dissolves  without  de- 
composition in  water,  but  with  the  alkalies  yields  hydro-bro- 
mic  and  iodic  acids. — The  existence  of  two  bromides  of 
iodine  can  scarcely  be  regarded  as  satisfactorily  established. 

Bromide  of  Sulphur. — On  pouring  bromine  on  sublimed 
sulphur,  combination  ensues,  and  a  fluid  of  an  oily  appear- 
ance and  reddish  tint  is  generated.  In  odour  it  somewhat 
resembles  chloride  of  sulphur,  and  like  that  compound  emits 
white  vapours  when  exposed  to  the  air;  but  its  colour  is 
deeper.  It  reddens  litmus  paper  faintly  when  dry,  but 
strongly  if  water  is  added.  Cold  water  acts  slowly  upon 
bromide  of  sulphur ;  but  at  a  boiling  temperature  the  action 
is  so  violent  that  a  slight  detonation  occurs,  and  three  com- 
pounds, hydro-bromic  and  sulphuric  acids  and  sulphuretted 
hydrogen,  are  formed.  The  formation  of  these  substances  is 
of  course  attributable  to  decomposition  of  water,  and  the 
union  of  its  elements  with  bromine  and  sulphur.  Bromide  of 
sulphur  is  likewise  decomposed  by  chlorine,  which  unites 
with  sulphur,  and  displaces  bromine. 

Bromide  of  Phosphortis. — When  bromine  and  phosphorus 
are  brought  into  contact  in  a  flask  filled  with  carbonic  acid 
gas,  they  act  suddenly  on  each  other  with  evolution  of  heat 
and  light,  and  two  compounds  are  generated :  one  a  crystal- 
line solid,  which  is  sublimed  and  collects  in  the  upper  part  of 
the  flask,  and  the  other  a  fluid,  which  remains  at  the  l>ottoin. 


The  Utter  is  regarded  by  Balard  as  a  proto-bromide,  and  the 
former  as  a  bi-bromide  of  phosphorus. 

The  proto-bromide  retains  its  liquid  form  even  at  52°  F. 
It  is  readily  converted  into  vapour  by  heat,  and  on  exposure 
to  tbe  air  emits  penetrating  fumes.  It  reddens  litmus  paper 
faintly,  an  e&ct  which  is  probably  owing  to  the  presence  of 
moisture.  With  water  it  acts  energetically  and  with  free 
disengagement  of  caloric,  hydro-bromic  acid  gas  being  evolved 
when  only  a  few  drops  of  water  are  employed ;  but  if  a  large 
quantity  is  used,  the  gas  is  dissolved,  and  the  acid  solution 
leaves  by  evaporation  a  residuum,  which  bums  slightly  whea 
dried,  and  is  converted  into  phosphoric  acid. 

The  bi-bromide  is  yellow  in  its  solid  state;  but  with 
gentle  heat  it  becomes  a  red-coloured  liquid,  which  by  in- 
crease of  temperature  is  converted  into  vapour  of  the  sante 
tint.  On  cooling  after  fusion  it  yields  rhombic  crystals ;  but 
when  its  vapour  is  oondeosed,  the  crystals  are  acicular.  It  is 
decomposed  by  metals,  probably  with  the  formation  of  metal- 
lic brmaides  and  phosphurets.  It  emits  dense  penetrating 
fumes  on  exposure  to  the  air,  and  with  water  gives  rise  to  the 
production  of  hydro-bromic  and  phosphoric  acids. 

Chlorine  has  a  greater  affinity  for  phosphorus  than  bromine, 
and  decomposes  both  the  bromides  with  evolution  of  the 
vapour  of  bromine.  These  compounds  are  not  decomposed 
by  iodine;  but  on  tbe  contrary  bromine  decomposes  iodide 


ID  well  stopped  bottles ;  but  when  exposed  to  the  air,  it  fiies 
off  in  dense  white  fumes,  which  consist  of  the  acid  vapour 
combined  with  the  moisture  of  the  atmosphere.  Ita  specific 
gravity  isl'OBOO;  but  its  density  maybe  increased  to  1-25  by 
gradual  additions  of  water.  Its  afGnity  for  this  liquid  far 
exceeds  that  of  the  strongest  sulphuric  acid,  and  the  combina- 
tion is  accompanied  with  a  hissing  noise,  as  when  red-hot 
iron  is  quenched  by  immersion  in  water. 

The  vapour  of  hydro-fluoric  acid  is  much  more  pungent 
than  chlorine  or  any  of  the  irritating  gases.  Of  all  known 
substances,  it  is  the  most  destructive  to  animal  matter. 
When  a  drop  of  the  concentrated  acid  of  the  size  of  a  pin's 
head  comes  in  contact  with  the  skin,  instantaneous  disorgani- 
zation ensues,  and  deep  ulceration  of  a  malignant  character 
is  produced.  On  this  account  the  greatest  care  is  requisite 
in  the  preparation  of  pure  hydro-fluoric  acid. 

This  acid  when  concentrated  acts  energetically  on  glass. 
The  transparency  of  the  glass  is  instantly  destroyed,  caloric 
is  evolved,  and  the  acid  boils,  and  in  a  short  time  entirely 
disappears.  A  colourless  gas,  commonly  known  by  the  name 
of  Jluosilicic  add  gas,  is  the  sole  product.  This  compound 
is  always  formed  when  hydro-fluoric  acid  comes  in  contact 
with  a  nliceous  substance.  For  this  reason  it  cannot  be  pre- 
served in  glass ;  but  must  be  prepared  and  kept  in  metallic 
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of  BerteEus,  is  10*68 ;  for  39'18  parts  or  one  equivalent  of 
fliiw-iq;>ar  ia  supposed  to  cont&ia  2S-5  parts  of  lime  (20-5  cal- 
dum  uid  8  oxygra),  thus  leaving  10-68  as  the  equivalent  of 
the  acid. 

The  theory,  according  to  which  fluor-spar  is  a  compound 
of  fluorine  and  calcium,  originated  as  a  suggestion  with  M. 
Ampere  of  Paris,  and  was  afterwards  supported  experiment- 
tally  by  Sir  H.  Davy.  It  was  found  that  pure  hydro-fluoric 
acid  evinces  no  sign  of  containing  either  oxygen  or  water. 
Charcoal  may  be  intensely  heated  in  the  vapour  of  the  acid 
without  the  production  of  carbonic  acid.  When  hydro-fluo- 
ric acid  was  neutralized  with  dry  ammoniacal  gas,  a  white 
salt  resulted,  from  which  no  water  could  be  separated ;  and 
on  treating  this  salt  with  potassium,  no  evidence  could  be 
obtained  of  the  presence  of  oxygen.  On  exposing  the  acid  to 
the  agency  of  galvanism,  there  was  a  disengagement  at  the 
negative  pole  of  s  small  quantity  of  gas,  which  from  its  com- 
bustibility was  inferred  to  be  hydrogen ;  while  the  platinum 
wire  of  the  opposite  side  of  the  battery  was  rapidly  corroded, 
and  became  covered  with  a  chocolate-coloured  powder.  Sir 
H.  Davy  explained  these  phenomena  by  supposing  that 
hydro-fluoric  acid  was  resolved  into  its  elements ;  and  that 
fluorine,  at  the  moment  of  arriving  at  the  positive  side  of  the 
battery,  entered  into  combination  with  the  platinum  wire 
which  was  employed  as  a  conductor.     Unfortunately,  how- 
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was  made  both  by  transmitting  the  vapour  of  anhydrous  sul- 
phuric  acid  over  fluor-spar  heated  to  redness  in  a  tube  of  pla- 
tinum, and  by  putting  the  mineral  into  the  liquid  add.  In 
neither  case  did  decomposition  ensue ;  but  when  the  former 
experiment  was  repeated  with  the  difference  of  employing  con- 
centrated hydrous  instead  of  anhydrous  sulphuric  acid,  evo- 
lution of  hydro-fluoric  acid  was  produced.  M.  Kuhlman  also 
transmitted  dry  muriatic  acid  gas  over  fluor-spar  at  a  red 
heat,  when  hydro-fluoric  add  was  disengaged,  without  any 
evolution  of  hydrogen,  and  chloride  of  calcium  remained.  I 
am  aware  of  no  satisfactory  explanation  of  these  facts,  ex- 
cept by  regarding  fluor-spar  as  a  compound  of  fluorine  and 
caldum,  and  hydro-fluoric  acid  as  a  compound  of  fluorine 
and  hydrogen.  I  shall  accordingly  adopt  this  view  in  the 
subsequent  pages,  and  never  employ  the  term  fluoric  acid 
except  when  explaining  phenomena  according  to  the  theory 
of  Oay-Lussac. 

FLUO-BORIC    ACID   GAS. 

The  chief  difficulty  in  determining  the  nature  of  hydro- 
fluoric acid  arises  from  the  water  of  the  sulphuric  acid  which 
is  employed  in  its  preparation.  To  avoid  this  source  of  un- 
certainty, Gay-LuBsac  and  Thenard  made  a  mixture  of  vitri- 
fied boracic  acid  and  fluor-spar,  and  exposed  it  in  a  leaden 
retort  to  heat,  under  the  expectation  that  as  no  water  was 
present,  anhydrous  fluoric  acid  would  be  obtained.  In  this, 
however,  they  were  disappointed ;  but  a  new  gas  came  over, 
to  which  they  applied  the  term  o{  ftuo-boric  add  gas.  A 
similar  train  of  reasoning  led  Sir  H.  Davy  about  the  same 
time  to  the  same  discovery  ;  though  the  French  chemists  had 
the  advantage  in  priority  of  publication.  Fluo-boric  acid 
gas  may  be  prepared  more  conveniently  by  mixing  one  part 
of  vitrified  boracic  acid  and  two  of  fluor-spar,  with  twelve 
parts  of  strong  sulphuric  acid,  and  heating  the  mixture 
gently  in  a  glass  retort.  (Dr.  John  Davy,  Philos.  Trans,  for 
1812.)  When  thus  prepared,  however,  it  contains  fluo-siUcic 
acid,  according  to  Berzelius,  in  considerable  quantity ;  and 
Dr.  Thomson  detected  in  it  traces  of  sulphuric  add.  The 
gas  may  likewise  be  formed  by  the  action  of  hydro-fluoric 
acid  on  a  solution  of  boracic  acid. 

In  the  decomposition  of  fluor-spar  by  vitrified. boradc  acid. 
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the  fonaer  and  port  of  the  latter  undergo  an  interchange  of 
detnents.  The  fluorine  uniting  with  boron  gives  rise  to  fluo- 
boric  add  gas ;  and  by  the  union  of  calcium  and  oxygen  lime 
is  generated,  which  combines  with  boracic  add,  and  is  left 
in  the  retort  as  borate  of  lime.  Fluo-boric  acid  gas,  there- 
fore, is  composed  of  boron  and  fluorine.  Those  who  adopt 
the  theory  of  Gay-Lussac  give  a  different  explanation,  and 
regard  this  gas  as  a  compound  of  fluoric  and  boracic  adds. 
The  lime  of  fluoi^-spar  is  supposed  to  unite  with  one  portion 
of  boracic  acid,  and  fluoric  add  at  the  moment  of  separation 
with  another  portion,  yielding  borate  of  lime  and  fluo-boric 
acid  gas. 

Fluo-boric  acid  gas  is  colourless,  has  a  penetrating  pungent 
odour,  and  extinguishes  flame  on  the  instant.  Its  specific 
gravity,  according  to  Dr.  Thomson,  is  ^-3622.  It  reddens 
litmus  paper  as  powerfully  as  sulphuric  acid,  and  forms  salts 
with  alkalies  which  are  eaiUedJluo-borates.  It  has  a  singu- 
larly great  affinity  for  water.  When  it  is  mixed  with  air  or 
any  gas  which  contains  watery  vapour,  a  dense  white  cloud 
appears,  which  is  a  combination  of  water  and  fluo-lx>ric  acid 
gas.  From  this  circumstance  it  affords  an  exceedingly  deli- 
cate test  of  the  presence  of  moisture  in  gases.  Fiuo.boric 
acid  gas  is  rapidly  absorbed  by  water.  According  to  Dr. 
John  Davy,  water  absorbs  700  times  its  volume.  Caloric  is 
evolved  during  the  absorption,  and  the  water  acquires  an 
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hydro-fluoric  acids  decompose  each  other,  and  the  original 
compound  is  re-produced. 

Fluo-boric  acid  gas  does  not  act  on  glass,  but  attacks 
animal  and  vegetable  matters  with  energy,  converting  them 
like  sulphuric  acid  into  a  carbonaceous  substance.  This 
action  is  most  probably  owing  to  its  affinity  for  water. 

When  potassium  is  heated  in  filuo-boric  acid  gas,  the  metal 
takes  fire,  and  a  chocolate-coloured  solid,  wholly  devoid  of 
metallic  lustre,  is  formed.  This  substance  is  a  mixture  of 
fluoride  of  potassium  and  boron,  from  which  the  former  is 
dissolved  by  water,  and  the  boron  is  left  in  a  solid  state. 

The  composition  of  fluo-boric  acid  gas  has  not  hitherto 
been  determined  by  direct  experiment  Dr.  Davy  ascertain- 
ed that  it  unites  with  an  equal  measure  of  ammoniacal  gas, 
forming  a  solid  salt ;  and  that  it  also  combines  with  twice 
and  three  times  its  volume  of  ammonia,  yielding  liquid  com- 
pounds. In  the  former  salt  the  relative  weights  of  the  con- 
stituent gases  are  in  the  ratio  of  their  specific  gravities ;  and 
if  the  compound  consists  of  one  equivalent  of  each,  it  will  be 
constituted  of, 

Fluo-boric  acid  gas  2*3622         6804  one  eq. 

Ammoniacal  gas      .     .     0*5902         17        one  eq. ; 

so  that  the  equivalent  of  the  acid  may  be  assumed  in  round 
numbers  to  be  68.  Now  supposing  this  acid  to  be  formed  of 
three  equivalents  of  fluorine  and  one  of  boron,  its  equivalent 
will  be  64*04,  a  number  which  approximates  to  the  pre- 
ceding. But  this  view  is  quite  hypothetical.  Dr.  Thomson 
considers  34  as  the  equivalent  of  fluo-boric  acid  gas,  and  be- 
lieves it  to  consist  of  one  equivalent  of  fluorine. and  two  of 
boron.  His  opinion,  however,  is  very  improbable ;  for  the 
formation  of  the  gas  from  a  mixture  of  boracic  acid  and  fluor- 
spar, according  to  this  supposition,  appears  quite  inexplicable. 
These  remarks  will  serve  to  show  that  the  data  for  forming 
an  opinion  on  this  subject  arc  uncertain.  ^ 
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HYDROOEK  AND  NITROGEN. — AHMONIACAL  GAS. 

Spirit  of  hartshorn  has  been  long  known  to  chemists : 
the  existence  of  ammonia  as  a  gas  was  first  noticed  by  Dr. 
Priestley,  and  was  described  by  him  in  his  works  under 
the  name  of  alkaliiu  air.  It  is  sometimes  called  the  volatile 
alkali;  but  the  terms  ammonia  and  ammoniacal gas  are  now 
more  c(»nmonIy  employed. 

The  most  convenient  method  of  preparing  ammoniacal  gas 
for  the  purposes  of  experiment  is  by  applying  a  gentle  heat 
to  the  concentrated  solution  of  ammonia,  contained  in  a  glass 
vessel.  It  iooa  enters  into  ebullition,  and  a  large  quantity 
of  pure  ammonia  is  disengaged. 

Ammonia  is  a  colourless  gas,  which  has  a  strong  pungent 
odour,  and  acts  powerfully  on  the  eyes  and  nose.     It  is  quite 
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colourless  liquid.  It  is  also  liquefied,  according  to  Guyton- 
Morveau,  under  the  common  pressure,  by  a  cold  of  70  de- 
grees below  zero  of  Fahrenheit ;  but  there  is  no  doubt  that 
the  liquid  which  he  obtained  was  a  solution  of  ammonia  in 
water. 

Ammonia  has  all  the  properties  of  an  alkali  in  a  very 
marked  manner.  Thus  it  has  an  acrid  taste,  and  gives  a 
brown  stain  to  turmeric  paper ;  though  the  yellow  colour  soon 
reappears  on  exposure  to  the  air,  owing  to  the  volatility 
of  the  alkali.  It  combines  also  with  acids,  and  neutralizes 
their  properties  completely.  All  these  salts  suffer  decompo- 
sition by  being  heated  with  the  fixed  alkalies  or  alkaline 
earths,  such  as  potash  or  lime,  the  union  of  which  with  the 
acid  of  the  salt  causing  the  separation  of  its  ammonia.  None 
of  the  ammoniacal  salts  can  sustain  a  red  heat  without  being 
dissipated  in  vapour  or  decomposed,  a  character  which  mani- 
festly arises  from  the  volatile  nature  of  the  alkali.  If  com- 
bined with  a  volatile  acid,  such  as  the  muriatic,  the  com- 
pound itself  sublimes  unchanged  by  heat ;  but  when  united 
with  an  acid,  which  is  fixed  at  a  low  red  heat,  such  as  the 
phosphoric,  the  ammonia  alone  is  expelled. 

Hydrogen  and  nitrogen  gases  do  not  unite  directly,  and 
therefore  chemists  have  no  synthetic  proof  of  the  constitu- 
tion of  ammonia.  Its  composition,  however,  has  been  deter- 
mined analytically  with  great  exactness.  When  a  succession 
of  electric  sparks  is  passed  through  ammoniacal  gas,  it  is  re- 
solved into  its  elements ;  and  the  same  effect  is  produced  by 
conducting  ammonia  through  porcelain  tubes  heated  to  red- 
ness. The  late  A.  Berthollet  analyzed  ammonia  in  both  ways, 
and  ascertained  that  200  measures  of  that  gas,  on  being  de* 
composed,  occupy  the  space  of  400  measures,  300  of  which 
are  hydrogen,  and  100  nitrogen.  Dr.  Henry  has  made  an 
analysis  of  ammonia  by  means  of  electricity,  and  his  experi- 
ment proves  beyond  a  doubt  that  the  proportions  above  given 
are  rigidly  exact.     (Annals  of  Philosophy,  xxiv.  346.) 

Gruni. 

Now  since  150  cubic  inches  of  hydrogen  weigh      .       3*230 
and  50  of  nitrogen  .  16*075 

100  cubic  inches  of  ammonia  must  weigh  18*305 ; 
and  it  is  composed  by  weight  of 


HYDROGEN    AND  NITROGEN.  S61 

Hydrogen     .       3-230     .       3       .       or  3  equivalents. 
Nitrogen  15  076     .14       .       or  1  equiTalent. 

Its  equivalent,  therefore,  is  17. 

The  spedfic  grRvity  of  anmionia,  according  to  this  calcula- 
tion, is  0-5902,  a  Dumber  which  agrees  closely  with  tboK 
ascertained  directly  by  Sir  H.  Davy  and  Dr.  Thomson. 

Ammoniacal  gas  has  a  powerful  affinity  for  water,  and  for 
this  reason  must  always  he  collected  over  mercury.  Owing  to 
this  attraction,  a  piece  of  ice,  when  introduced  into  ajar  fuU  of 
ammonia,  is  instantly  liquefied,  and  the  gas  disappears  in  the 
course  of  a  few  seconds.  Sir  H.  Davy,  in  his  Elements, 
stated  that  water  at  50°  F.,  and  when  the  barometer  stands 
at  29'8  inches,  absorbs  670  times  its  volume  of  ammonia ;  and 
that  the  solution  has  a  specific  gravity  of  0875.  According 
to  Dr.  Thomson,  water  at  the  common  temperature  and  prefr. 
sure  takes  up  780  times  its  bulk.  By  strong  compression, 
water  absorbs  the  gas  in  still  greater  quantity.  Caloric  is 
evolved  during  its  absorption ;  and  a  considerable  expansiot), 
indepeodeutly  of  the  increased  temperature,  occurs  at  the 
same  time. 

The  concentrated  solution  of  ammonia,  commonly  though 
incoirectly  termed  liquid  ammonia,  is  made  by  transmitting  a 
current  of  the  gas,  as  long  as  it  continues  to  be  absorbed, 
into  distilled  water,  which  is  kept  cool  by  means  of  ice  or 
morst  cloths.     The  gas  may  be  prepared  from  any  salt  of 
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of  distilled  water  equal  to  the  weight  of  the  salt  employed. 
The  residue  consists  of  muriate  of  lime,  or  strictly  chloride 
of  calcium,  and  lime. 

The  concentrated  solution  of  ammonia^  as  thus  prepared, 
is  a  clear  colourless  liquid,  of  specific  gravity  0*936.  It  pos- 
sesses the  peculiar  pungent  odour,  taste,  alkalinity,  and  other 
properties  of  the  gas  itself.  On  account  of  its  great  volatility 
it  should  be  preserved  in  well-stopped  bottles,  a  measure 
which  is  also  required  to  prevent  the  absorption  of  carbonic 
acid.  At  a  temperature  of  130^  F.  it  enters  into  ebullition, 
owing  to  the  rapid  escape  of  pure  ammonia ;  but  the  whole 
of  the  gas  cannot  be  expelled  by  this  means,  as  at  last  the 
solution  itself  evaporates.  It  freezes  at  about  the  same  tem- 
perature as  mercury. 

The  following  table,  from  Sir  H.  Davy*s  Elements  of  Che- 
mical Philosophy,  shows  the  quantity  of  real  ammonia  con- 
tained in  100  parts  of  solutions  of  different  densities,  at  B9P  F. 
and  when  the  barometer  stands  at  30  inches.  The  specific 
gravity  of  water  is  supposed  to  be  10,000  :— 


liable  oft/ie  quantity  of  real  Ammonia  in  solutions  of 

different  densities. 


100  parts  of 

Of  real 

sp.  gravity. 

Ammonia. 

8750 

32-5 

8875 

a 

29*25 

9000 

s 

26-00 

9054 

a 

8 

25-37 

9166 

22-07 

9255 

19-54 

9326 

17-52 

9385 

15-88 

100  parts  of 

Of  teal 

9p.  gravity. 

9435 

14-53 

9476 

a 

13-46 

9513 

'3 

12-40 

9545 

1 

11-56 

9573 

10-82 

9597 

10-17 

9619 

9-60 

9692 

9-50 

The  presence  of  free  ammoniacal  gas  may  always  be  de- 
tected by  its  odour,  by  its  temporary  action  on  yellow  tur- 
meric paper,  and  by  its  forming  dense  white  fumes,  muriate 
of  ammonia,  when  a  glass  rod  moistened  with  muriatic  acid  is 
brouglit  near  it. 


Compounds  of  hydrogen  and  carbon. 


SECTION  II. 

compounds  of  hydrogen  and  carbon. 
Chemists  have  for  several  years  been  acquaiDted  with  two 
distinct  compounds  of  carbon  and  hydrogen,  viz.  carburetted 
hydrogen  and  olefiant  gas ;  but  the  researches  of  Mr.  Fara- 
day have  enriched  the  science  by  the  discovery  of  two  new 
substances  of  a  similar  nature,  and  the  same  able  chemist  has 
demonstrated  the  existence  of  others,  though  he  has  hitherto 
been  unable  to  obtain  them  lo  an  insulated  form.  According 
to  Dr.  Thomson,  naphtha  and  naphthaline  are  likewise  pure 
carburets  of  hydrogen. 

LIGHT  carburetted  HYDROGEN. 
This  gas  is  sometimes  called  heavi/  inflammable  air,  the  im- 
flammabU  air  ofmartket,  hydro-carburet,  and  prolocarburet 
of  ht/drogen.  Dr.  Thomson  proposed  the  term  of  bi-kydro- 
guret  of  carbon ;  but  it  is  more  generally  known  by  the  name 
of  light  carburetted  hydrogen.  It  is  formed  abundantly  in 
stagnant  pools  during  the  spontaneous  decomposition  of  dead 
vegetable  matter ;  and  it  may  readily  be  procured  by  stirring 
the  mud  at  the  bottom  of  them,  and  collecting  the  gas,  as  it 
escapes,  in  ao  inverted  glass  vessel.     In  this  slate  it  is  found 
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Dr.  Dalton  first  ascertained  the  real  nature  of  light  carbu- 
retted  hydrogen,  and  it  has  since  been  particularly  examined 
by  Dr.  Thomson,  Sir  H.  Davy,  and  Dr.  Henry.  When  100 
measures  are  detonated  with  rather  more  than  twice  their 
volume  of  oxygen  gas,  the  whole  of  the  inflammable  gas  and 
precisely  200  measures  of  the  oxygen  disappear,  water  is  con- 
densed, and  100  measures  of  carbonic  acid  are  produced. 
From  this  it  may  be  inferred  (page  201),  that  100  cubic 
inches  of  light  carburetted  hydrogen  contain  100  cubic  inches 
of  the  vapour  of  carbon  and  200  cubic  inches  of  hydrogen 
gas ;  and  that  it  is  composed  by  weight  of  6  parts  or  one 
equivalent  of  carbon,  and  2  parts  or  two  equivalents  of  hydro- 
gen.    Consequently,  8  is  its  equivalent. 

From  the  same  data  it  follows  that  100  cubic  inches  of 
light  carburetted  hydrogen,  at  60^  F.,  and  when  the  barome- 
ter stands  at  30  inches,  must  weigh  17*23  grains;  and  its 
specific  gravity  is  therefore  0*5554.  This  calculated  result 
is  almost  identical  with  the  specific  gravity  of  the  gas  as 
determined  directly  by  Dr.  Henry  and  Dr.  Thomson. 

Light  carburetted  hydrogen  is  not  decomposed  by  electri- 
city, or  by  being  passed  through  red-hot  tubes,  unless  the 
temperature  is  very  great.  It  may  be  inferred  from  the  ex- 
periments of  Berthollet,  and  from  the  phenomena  that  attend 
the  formation  of  oil  gas  at  high  temperatures,  that  light  car- 
buretted hydrogen  is  resolved  into  its  elements,  at  least  in 
part,  when  the  heat  is  very  intense.  It  follows  from  the 
nature  of  the  gas,  that  for  each  volume  so  decomposed,  two 
volumes  of  hydrogen  must  be  set  free. 

Chlorine  and  light  carburetted  hydrogen  do  not  act  on 
each  other  at  common  temperatures,  when  quite  dry,  even  if 
they  are  exposed  to  the  direct  solar  rays.  If  the  gases  are 
moist,  and  the  mixture  is  kept  in  a  dark  place,  still  no  action 
ensues ;  but  if  light  be  admitted,  particularly  sunshine,  de* 
rom|X)sition  follows.  The  nature  of  the  product  depends 
upon  the  proportion  of  the  gases.  If  four  measures  of  chlo- 
rine and  one  of  light  carburetted  hydrogen  are  present,  car- 
bonic and  muriatic  acid  gases  will  be  produced.  For  during 
this  action,  two  volumes  of  chlorine  combine  with  two  volumes 
of  hydrogen  contained  in  the  carburetted  hydrogen,  and  the 
other  two  volumes  of  chlorine  decompose  so  much  water  as 
will  likewise  give  two  volumes  of  hydrogen, — which  forms 
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muriatic  acid  ;  while  the  oxygen  of  the  water  unites  witli  the 
carbon,  and  converts  it  into  carbonic  acid.  If  there  are  three 
instead  of  four  volumes  of  chlorine,  carbonic  oxide  will  be 
generated  instead  of  carbonic  acid,  because  one-half  less 
water  will  be  decomposed.  (Dr.  Henry.)  If  a  mixture  of 
chlorine  and  light  carburetted  hydrogen  is  electrified  or  ex- 
posed to  a  red  heat,  muriatic  acid  is  formed,  and  charcoal 
deposited. 

It  was  first  ascertained  by  Dr.  Henry  (Nicholson''s  Jour- 
nal, vol.  xix.),  and  his  conclusions  have  been  fully  confirmed  ' 
by  the  subsequent  researches  of  Sir  H.  Davy,  that  the^re- 
damp  of  coal  mines  consists  almost  solely  of  light  carburetted 
hydrogen.  This  gas  often  issues  in  large  quantity  from  be- 
tween beds  of  coal,  and  by  collecting  in  mines,  owing  to  defi- 
cient ventilation,  gradually  mingles  with  atmospheric  air, 
and  forms  an  explosive  mixture.  The  first  unprotected  light, 
which  then  approaches,  sets  fire  to  the  whole  mass,  and  a 
dreadful  explosion  ensues.  These  accidents,  which  were  for- 
merly so  frequent  and  so  fatal,  are  now  comparatively  rare, 
owing  to  the  employment  of  the  safety  lamp ;  and  I  conceive 
it  to  be  demonstrable,  on  the  view  that  light  carburetted 
hydrogen  is  (he  sole  constituent  of  fire-damp,  that  accidents 
of  the  kind  cannot  occur  at  all,  provided  the  gauze  lamp  is 
in  a  due  state  of  repair,  and  employed  with  the  requisite  pre- 
cautions.     For   this   invention  we  are  indebted  to  Sir  H. 
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The  temperature  which  is  required  for  causing  an  ex* 
plosion  was  next  ascertained.  It  was  found  that  the  strongest 
explosive  mixture  may  come  in  contact  with  iron  or  other 
solid  bodies  heated  to  redness,  or  even  to  whiteness,  without 
detonating,  provided  they  are  not  in  a  state  of  actual  oom- 
bustion ;  whereas  the  smallest  point  of  flame,  owing  to  its 
higher  temperature,  instantly  causes  an  explosion. 

The  last  important  step  in  the  inquiry  was  the  observation 
that  flame  cannot  pass  through  a  narrow  tube.  This  led  Sir 
H.  Davy  to  the  discovery,  that  the  power  of  tubes  in  pre- 
venting the  transmission  of  flame  is  not  necessarily  connected 
with  any  particular  length ;  and  that  a  very  short  one  will 
have  the  effect,  provided  its  diameter  is  proportionally  re- 
duced. Thus  a  piece  of  fine  wire  gauze,  which  may  be  re- 
garded as  an  assemblage  of  short  narrow  tubes,  is  quite  im- 
permeable to  flame ;  and  consequently  if  a  common  oil  lamp 
be  completely  surrounded  with  a  cage  of  such  gauze,  it  may 
be  introduced  into  an  explosive  atmosphere  of  fire  damp  and 
air,  without  kindling  the  mixture.  This  simple  contrivance, 
which  is  appropriately  termed  the  safety-lamp^  not  only  pre- 
vents explosion,  but  indicates  the  precise  moment  of  danger. 
When  the  lamp  is  carried  into  an  atmosphere  charged  with 
fire-damp,  the  flame  begins  to  enlarge ;  and  the  mixture,  if 
highly  explosive,  takes  fire  as  soon  as  it  has  passed  through 
the  gauze  and  burns  on  its  inner  surface,  while  the  light  in 
the  centre  of  the  lamp  is  extinguished.  Whenever  this  ap- 
pearance is  observed,  the  miner  must  instantly  withdraw ; 
for  though  the  flame  cannot  communicate  to  the  explosive 
mixture  on  the  outside  of  the  lamp,  as  long  as  the  texture  of 
the  gauze  remains  entire,  yet  the  heat  emitted  during  the 
combustion  is  so  great,  that  the  wire,  if  exposed  to  it  for  a 
few  minutes,  would  suffer  oxidation,  and  fall  to  pieces. 

The  peculiar  operation  of  small  tubes  in  obstructing  the 
passage  of  flame  admits  of  a  very  simple  explanation.  Flame 
is  gaseous  matter  heated  so  intensely  as  to  be  luminous ;  and 
Sir  H.  Davy  has  shown  that  the  temperature  necessary  for 
producing  this  cffiH;t  is  far  higher  than  the  white  heat  of  solid 
bodies.  Now  when  flame  conies  in  contact  with  the  sides  of 
very  minute  apertures,  as  when  wire  gauze  is  laid  upon  a 
burning  jet  of  coal  gas,  it  is  deprived  of  so  much  caloric  that 
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its  temperature  inatantly  falls  below  the  degree  at  which 
giaeoiiE  matter  is  lumiDous ;  and  consequently,  though  tlw 
gas  itself  passes  freely  through  the  interatices,  and  is  still 
very  hot,  it  is  no  longer  incandescent.  Nor  does  this  take 
place  when  the  wire  is  cold  only ; — the  effect  is  equally  cat- 
tain  at  any  d^^ee  of  heat  which  the  flame  can  communicate 
to  it.  For  since  the  gauze  has  a  large  extent  of  surface,  and 
from  its  metallic  nature  is  a  good  conductor  of  caloric,  it  loses 
heat  with  great  rapidity.  Its  temperature,  therefore,  though 
it  may  be  heated  to  whiteness,  is  always  so  far  below  that  of 
flame,  as  to  exert  a  cooling  influence  over  the  hunung  gas, 
and  reduce  its  heat  below  the  point  at  which  it  is  incan- 
descent. 

OLEFIANT   GAS. 

This  gas  was  discovered  in  1796  by  some  associated  Dutch 
chemists,  who  gave  it  the  name  of  Olefiant  gas,  from  its  pn>> 
perty  of  forming  an  oil-like  liquid  with  chlorine.  It  is  some- 
times called  bi-earburelted  or  per-carburetted  hydrogen  and 
if  droguret  at  carbon ;  but  as  none  of  these  terms  convey  a 
precise  idea  <^  its  nature,  I  shall  employ  the  appellation  pn>. 
posed  by  its  discoverers. 

Olefiant  gas  is  prepared  by  mixing  in  a  capacious  retort 
six  measures  of  strong  alcohol  with  twelve  of  concentrated 
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The  olefiant  gas  in  this  process  is  derived  solely  from  the 
alcohol ;  and  its  production  is  owing  to  the  strong  affinity  of 
sulphuric  acid  for  water.  Alcohol  is  composed  of  carbon, 
hydrogen,  and  oxygen  ;  and  from  the  proportion  of  its  ele- 
ments it  is  inferred  to  be  a  compound  of  14  parts  or  one  equi- 
valent of  olefiant  gas,  united  with  9  parts  or  one  equivalent 
of  water.  It  is  only  necessary,  therefore,  in  order  to  obtain 
olefiant  gas,  to  deprive  alcohol  of  the  water  which  is  essential 
to  its  constitution ;  and  this  is  effected  by  sulphuric  acid. 
The  formation  of  ether,  which  occurs  at  the  same  time,  will 
be  explained  hereafter.  The  other  phenomena  are  altogether 
extraneous.  They  almost  always  ensue  when  substances  de- 
rived from  the  animal  and  vegetable  kingdoms  are  subjected 
to  the  action  of  sulphuric  acid.  They  occur  chiefly  at  the 
close  of  the  preceding  process,  in  consequence  of  the  excess 
of  acid  which  is  then  present. 

Olefiant  gas  is  a  colourless  elastic  fluid,  which  has  no  taste, 
and  scarcely  any  odour  when  pure.  Water  absorbs  about 
one-eighth  of  its  volume.  Like  the  preceding  compound  it 
extinguishes  flame,  is  unable  to  support  the  respiration  of 
animals,  and  is  set  on  fire  when  a  lighted  candle  is  presented 
to  it,  burning  slowly  with  the  emission  of  a  dense  white  light. 
With  a  proper  quantity  of  oxygen  gas,  it  forms  a  mixture 
which  may  be  kindled  by  flame  or  the  electric  spark,  and 
which  explodes  with  great  violence.  To  burn  it  completely, 
it  should  be  detonated  with  four  or  flve  times  its  volume  of 
oxygen.  On  conducting  this  experiment  with  the  requisite 
care.  Dr.  Henry  finds  that  for  each  measure  of  olefiant  gas, 
precisely  three  of  oxygen  disappear,  deposition  of  water  takes 
place,  and  two  measures  of  carbonic  acid  are  produced. 
From  these  data  the  proportion  of  its  constituents  may  easily 
be  deduced  in  the  following  manner.  Two  measures  of  car- 
bonic acid  contain  two  measures  of  the  vapour  of  carbon, 
which  must  have  been  present  in  the  olefiant  gas,  and  two 
measures  of  oxygen.  Two-thirds  of  the  oxygen  which  dis- 
appeared are  thus  accounted  for ;  and  the  other  third  must 
have  combined  with  hydrogen.  But  one  measure  of  oxygen 
re(|uires  for  forming  water  precisely  two  measures  of  hydro- 
gen, wliich  must  likewi»ie  have  l)een  contained  in  the  olefiant 
gas.     It  hence  follows  that  100  cubic  inches  contain, 
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200  cuHc  iDcbes  of  the  vapour  of  carbon,  which  weigh  23846 
900  hydrogen  gas,  which  weigh  4.3068; 

ukI  coowquently 

100  cubic  inches  of  olefiant  gas  must  weigh  301638. 

Its  specific  gravity,  accordingly,  is  09722 :  whereas  its  spe- 
cific gravity,  as  taLen  directly  by  Saussure,  is  0*9852 ;  by 
Henry,  0967 ;  and  by  Thomson,  097. 
Olefiaat  gas,  by  weight,  consists  of 

Carbon  2S'846  12  or  two  equivalents. 

Hydrogen   .         4'3068  2  or  two  equivalents ; 

and  its  atomic  weight  is  14. 

Olefiant  gas,  when  a  succession  of  electric  sparks  is  passed 
through  it,  is  resolved  into  charcoal  and  hydrogen  ;  and  the 
latter  of  course  occupies  twice  as  much  space  as  the  gas  from 
which  it  was  derived.  Olefiant  gas  is  decomposed  by  being 
passed  through  red-hot  tubes  of  porcelain.  The  nature  of 
the  products  varies  with  the  temperature.  By  employing  a 
very  low  degree  of  heat,  it  may  probably  be  converted 
solely  into  carbon  and  light  carburetted  hydrogen ;  and  in 
this  case  no  increase  of  volume  can  occur,  because  these  two 
gases,  for  equal  bulks,  contain  the  same  quantity  of  hy- 
dn^en.  But  if  the  temperature  is  high,  then  a  great  in- 
crease of  volume  takes  place ;  a  circumstance  which  indicates 
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priate.     The  name  hydrochloride  of  carbon  has  also  been  ap- 
plied to  it. 

Chloride  of  hydrocarbon  was  discovered  by  the  Dutch  che- 
mists ;  but  Dr.  Thomson*  first  ascertained  that  it  is  a  com- 
pound  of  olefiant  gas  and  chlorine ;  and  its  nature  has  since 
been  more  fully  elucidated  by  the  researches  of  MM.  Robi- 
quet  and  Colini*.  When  first  collected  it  commonly  contains 
traces  of  ether,  muriatic  acid,  and  probably  some  other  im- 
purity: from  these  it  is  purified  and  dried  by  being  well 
washed  with  water,  and  then  distilled  from  chloride  of  cal* 
cium ;  and  it  is  rendered  still  purer,  according  to  Liebig,  by 
agitation  successively  with  solution  of  potash,  pure  water,  and 
strong  sulphuric  acid,  from  the  latter  of  which  it  is  separated 
by  distillation.  All  the  impurities  are  thus  decomposed, 
while  the  chloride  of  hydrocarbon  passes  over  in  a  pure  state. 
When  thus  purified,  it  is. a  colourless  volatile  liquid,  of  a 
peculiar  sweetish  taste  and  ethereal  odour.  Its  specific  gra- 
vity at  64""  F.  is  1  247.  It  boils  at  148°  F.  and  may  be  dis- 
tilled  without  change.  It  sufiers  complete  decomposition 
when  its  vapour  is  passed  through  a  red*hot  porcelain  tube, 
being  resolved  into  charcoal,  light  carburetted  hydrogen,  and 
muriatic  acid  gas.  Mixed  with  chlorine  gas  and  exposed 
either  to  the  direct  solar  rays,  or  to  a  heat  of  nearly  148°,  it 
is  converted  into  per-chloride  of  carbon  with  evolution  of 
muriatic  acid  gas.  (Page  320.)  Exposed  moist  to  sunshine 
it  is  said  by  PfafF  to  be  converted  into  muriatic  acid  and 
acetic  ether;  but  these  products  are  generated,  according  to 
Liebig,  solely  when  the  oil  is  impure.  It  is  decomposed  by 
potassium,  which  unites  with  chlorine,  and  sets  olefiant  gas 
at  liberty. 

The  composition  of  chloride  of  hydrocarbon  is  readily  in* 
ferred  from  the  fact,  that  in  whatever  proportions  olefiant  gas 
and  chlorine  may  be  mixed  together,  they  always  unite  in 
equal  volumes.  Consequently  they  combine  by  weight  ac- 
cording to  the  ratio  of  their  densities,  so  that  chloride  of 
hydrocarbon  consists  of 

Chlorine  2*47  35'46  one  equivalent. 

Olefiant  gas  .         0*9722     .         14      one  equivalent ; 

3*4422  49-45 

and  its  atomic  weight  is  49*45. 

*  Memoira  of  the  Weraerian  Society,  vol.  i.        f  An.  de  Ch.  et  Ph.  i.  and  ii. 
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Some  doubt  has  of  late  been  entertained  as  to  the  ac- 
curacy of  this  efitimate.  It  was  observed  by  M.  Morin  of 
GeoewBt  that  muriatic  acid  is  always  formed  when  chlorine 
acts  on  olefiant  gaa,  and  he  inferred  that  the  resulting  oil 
must  therefore  contain  less  hydrogen  than  is  commonly  sup- 
posed. These  views  have  in  some  measure  been  supported  by 
Liebig,  who  admits  the  constant  production  of  muriatic  acid, 
and  found  by  analjrsis  rather  less  hydrogen  than  the  quan- 
tity above  assigned.  The  deficiency  in  hydrogen,  however, 
is  confessedly  so  minute,  as  to  leave  no  doubt  of  the  preceding 
estimate  being  very  near  the  truth ;  and  Dumas  contends 
that  it  is  rigidly  exact.  The  appearance  of  muriatic  acid  is 
probably  owing  to  the  presence  of  a  little  ether,  or  to  the 
production  of  some  compound  distinct  from  the  chloride  of 
hydro-carbon.  (An.  de  Ch.  et  Ph.  xtiii.  24<4<,  xlviti.  185,  and 
xUx.  182.) 

Chloride  of  hydrocarbon  forms  a  very  dense  vapour,  its  spe- 
cific gravity,  according  to  Oay-Lussac,  being  34434.  This 
is  very  near  the  united  densities  of  chlorine  and  olefiant  gas, 
ft  circumstance  greatly  in  favour  of  the  general  opinion  con- 
c«-niDg  the  constitution  of  the  chloride. 

Dr.  Henry  has  demonstrated  that  light  is  not  essential  to 
the  action  of  dilorine  on  olefiant  gas.  On  this  he  has  founded 
an  ingenious  and  perfectly  efficacious  method  of  separating 
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Iodide  of  hydrocarbon  is  composed,  according  to  the  ana* 
lysis  of  Mr.  Faraday,  of  126  parts  or  one  equivalent  of  iodine, 
and  14  parts  or  one  equivalent  of  olefiant  gas.  (Quarterly 
Journal  of  Science,  xiii.) 

Bromide  of  Hydrocarbon, — This  compound  was  formed  by 
SeruUas  by  adding  one  part  of  the  iodide  of  hydrocarbon  to 
two  parts  of  bromine  contained  in  a  glass  tube.  Instanta- 
neous reaction  ensues,  attended  with  disengagement  of  caloric 
and  a  hissing  noise,  and  two  compounds,  the  bromide  of 
iodine  and  a  liquid  bromide  of  hydrocarbon,  are  generated. 
By  means  of  water  the  former  is  dissolved  ;  while  the  latter, 
coloured  by  bromine,  collects  at  the  bottom  of  the  h'quid. 
The  decoloration  is  then  effected  by  means  of  caustic  potash. 
In  order  that  the  process  should  succeed,  the  iodide  of  hy- 
drocarbon must  not  be  in  excess. 

Bromide  of  hydrocarbon,  after  being  washed  with  a  solu- 
tion of  potash,  is  colourless,  heavier  than  water,  very  volatile, 
of  a  penetrating  ethereal  odour,  and  of  an  exceedingly  sweet 
taste,  which  it  communicates  to  water  in  which  it  is  placed,  in 
consequence  of  being  slightly  soluble  in  that  liquid.  It  be- 
comes solid  at  a  temperature  between  21^  and  23^  F.  This 
compound  is  identical  with  that  which  M.  Balard  formed  by 
letting  a  drop  of  bromine  fall  into  a  flask  full  of  olefiant  gas. 
(An.  jde  Ch.  et  Physique,  xxxiv.) 

ON    THE    NEW    CARBURETS    OF    HYDROGEN    DISCOVERED 

BY    MR.    FARADAY*. 

In  the  process  of  compressing  oil  gas  in  portable  gas-lamps 
during  which  operation  the  gas  is  subjected  to  a  force  equal 
to  the  pressure  of  thirty  atmospheres,  a  considerable  quantity 
of  liquid  collects,  which  retains  its  fluidity  at  the  common 
atmospheric  pressure.  This  liquid,  when  recently  received 
from  the  vessel,  boils  at  60°  F.  But  as  soon  as  the  more 
volatile  portions  are  dissipated,  which  happens  before  one- 
tenth  is  thrown  off,  the  point  of  ebullition  rises  to  100°  ;  and 
the  temperature  gradually  ascends  to  250^  before  all  the 
liquid  is  volatilized.  This  indicated  the  presence  of  several 
compounds,  which  differ  in  volatility ;  and  Mr.  Faraday  re- 
marked that  the  boiling  point  was  more  constant  between 
176°  and  190°  F.  than  at  any  other  temperature.     He  was 

•  Philoi.  Tianiactioni  for  1826,  Part  II.  or  Annals  of  Philowphy.  xxvii.  44. 
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hence  led  to  search  for  a  definite  compound  in  the  fluid  which 
came  over  at  that  period ;  and  at  length,  by  repeated  distU- 
latioQS,  and  exposing  the  distilled  liquid  to  a  temperature  of 
zero,  he  succeeded  in  obtaining  a  substance,  to  which  be  has 
applied  the  term  of  bi-carburet  of  hydrogen. 

Bi-carburet  of  hydrogen,  at  common  temperatures,  is  a 
colourless  transparent  liquid,  which  smells  like  oil  gas,  and 
has  also  a  slight  odour  of  almonds.  Its  specific  gravity  u 
nearly  0-86  at  60°  F.  At  32°  it  is  congealed,  and  forms  den- 
dritic  crystals  on  the  ^des  of  (he  glass.  At  zero  it  is  trans> 
parent,  brittle,  and  pulverulent,  and  is  nearly  as  hard  as  loaf- 
sugar.  When  exposed  to  the  air  at  the  ordinary  tempera- 
ture it  evaporates,  and  boils  at  186°.  The  density  of  its  va- 
pour at  60°,  and  when  the  barometer  stands  at  29'98  inches, 
is  nearly  2T760. 

Bi-carburet  of  hydrogen  is  very  sUghtly  insoluble  in  water ; 
but  it  dissolves  fre^y  in  fixed  and  volatile  oils,  in  ether,  and 
in  alcohol,  and  the  alcoholic  solution  is  precipitated  by  water. 
It  is  not  acted  on  by  alkalies.  It  is  combustible,  and  burns 
with  a  bright  flame  and  much  smoke.  When  admitted  to 
oxygen  gas,  so  much  vapour  rises  as  to  make  a  powerfully 
detonating  mixture.  Potassium  heated  in  it  does  not  lose  its 
lustre.  On  passing  its  vapour  through  a  red-hot  tube,  it  gra- 
dually deposits  charcoal,  and  yields  carburetted  hydrogen 
gas.     Chlorine,  by  the  aid  of  sunshine,  decomposes  it  with 
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Carbon        .  (0-4166x6)     .  24996    .    36  .  6  equivalents. 
Hydrogen   .  (00694 x 3)     .  0*2082     .       3.3  equivalents. 

Its  atomic  weight  is  therefore  39  ;  and  its  specific  gravity 
by  calculation,  2*7078. 

The  second  carburet  of  hydrogen  discovered  by  Mr.  Fara- 
day, to  which  he  has  not  given  a  name,  was  derived  from  the 
same  source  as  the  preceding.  It  is  obtained  by  heating  with 
the  hand  the  condensed  liquid  from  oil  gas,  and  conducting 
the  vapour  which  escapes  through  tubes  cooled  artificially  to 
zero.  A  liquid  is  thus  procured,  which  boils  by  slight  ele- 
vation of  temperature,  and  before  the  thermometer  rises  to 
32°  F.  is  wholly  reconverted  into  vapour. 

This  vapour  is  highly  combustible,  and  bums  with  a  bril- 
liant flame.  Its  specific  gravity,  at  60°  F.  and  29*94  of  the 
barometer,  is  about  1*9065.  On  being  cooled  to  zero,  it  is 
again  condensed,  and  the  specific  gravity  of  this  liquid  at  54° 
is  0.627 ;  so  that  among  solids  and  liquids  it  is  the  lightest 
body  known. 

Water  absorbs  the  vapour  sparingly  ;  but  alcohol  takes  it 
up  in  large  quantity,  and  the  solution  effervesces  on  being 
diluted  with  water.  Alkalies  and  muriatic  acid  do  not  affect 
it.  Sulphuric  acid,  on  the  contrary,  absorbs  more  than  100 
times  its  volume  of  the  vapour.  A  dark-coloured  solution  is 
formed,  but  no  sulphurous  acid  is  disengaged. 

From  the  analysis  of  this  vapour,  made  by  detonating  it 
with  oxygen  gas,  Mr.  Faraday  infers  that  each  volume  re- 
quires six  of  oxygen  for  complete  combustion,  and  yields  four 
volumes  of  carbonic  acid.  It  hence  follows  that  100  mea- 
sures of  the  vapour  contain  400  measures  of  the  vapour  of 
carbon  and  400  of  hydrogen  gas,  and  that  this  carburet  of 
hydrogen  consists,  by  weight,  of 

Carbon  .  (0*4166x4)  .1*6664  .  24  .  4  equivalents. 
Hydrogen.     (00694x4)     .  0*2776    .      4  .  4 equivalents. 

Its  equivalent  is  therefore  28.  *  Its  specific  gravity  must  be 
1*9440 ;  and  Mr.  Faraday  regards  this  estimate  of  its  specific 
gravity  as  nearer  the  truth  than  that  above  stated.  The  com- 
position of  this  substance  was  calculated  by  Dr.  Thomson 
(Principles  of  Chemistry,  i.  151)  before  the  compound  itself 
bad  been  obtained  in  an  insulated  form.  He  terms  it  quadro^ 
carburelted  hydrogen,  and  is  of  opinion  that  it  exists  in  sul- 
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phuric  ether,  combiaed  with  one  equivalent  of  water.  This 
view  is  justified  by  the  proportion  in  which  the  elements  of 
ether  are  united. 

The  discov^y  of  this  substance  has  established  a  fact  si- 
milar to  that  noticed  in  the  section  on  Phosphorus.  (Page 
289.)  The  dements  of  the  new  carburet  are  united  in  the 
proportion  of  24  to  4,  and  those  of  olefiant  gas  in  that  of  12 
to  2 ;  that  is,  the  carbon  and  hydrogen  in  both  are  in  the 
ratio  of  6  to  1,  and  therefore  each  may  be  regarded  as  a  com- 
pound of  one  atom  of  its  component  principles.  Hence  we 
have  Mother  example  of  two  substances  being  identical  with 
respect  to  the  proportion  of  their  constituents,  and  yet  quite 
distinct  in  their  physical  and  chemical  properties. 

This  peculiarity  is  explicable  on  the  supposition  that  the 
ultimate  atoms  of  such  compounds  are  differently  disposed. 
It  is  to  be  presumed  that  the  smallest  possible  particle  of  ole- 
fiant  gas  contains  two  atoms  of  carbon  and  two  atoms  of  hy- 
drogen ;  and  that,  in  like  manner,  an  integrant  particle  of  the 
new  compound  of  Mr.  Faraday  contains  four  atoms  of  each 
element.  Neither  of  these  substances  could,  I  conceive,  be 
formed  by  direct  union  of  a  single  atom  of  carbon  and  a 
single  atom  of  hydrogen.  If  a  combination  of  the  kind  were 
to  occur,  a  new  compound,  different  from  any  known  at  pre- 
sent, would  be  the  result.  Such  appears  to  me  the  only 
satisfactory  mode  of  accounting  for  the  phenomena. 
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from  its  greater  volatility,  first  passes  over ;  and  afterwards 
the  naphthaline  rises  in  vapour,  and  condenses  in  the  neck  of 
the  retort  as  a  white  crystalline  solid.  (Dr.  Kid,  Phil. 
Trans.  1821,  216,  and  Mr.  Brande,  An.  of  Phil.  N.  S.  vL 
136.) 

Pure  naphthaline  is  heavier  than  water,  has  a  pungent 
aromatic  taste,  and  a  peculiar,  faintly  aromatic,  odour,  not 
unlike  that  of  the  narcissus.  It  is  smooth  and  unctuous  to 
the  touch,  is  perfectly  white,  and  has  a  silvery  lustre.  It 
fuses  at  180^,  and  assumes  a  crystalline  texture  in  cooling. 
It  volatilizes  slowly  at  common  temperatures,  and  boils  at 
410^  F.  Its  vapour,  in  condensing,  crystallizes  with  remark- 
able facility  in  thin  transparent  laminas. 

Naphthaline  is  not  very  readily  inflamed  ;  but  when  set  on 
fire  it  burns  rapidly,  and  emits  a  large  quantity  of  smoke. 
It  is  insoluble  in  cold,  and  very  sparingly  dissolved  by  hot 
water.  Its  proper  solvents  are  alcohol  and  ether,  and  espe- 
cially the  latter.  It  is  likewise  soluble  in  olive  oil,  oil  of  tur- 
pentine, and  naphtha.  According  to  a  recent  analysis  by 
Dr.  Oppermann,  which  is  probably  not  far  from  the  truth, 
naphthaline  is  a  ter-carburet  of  hydrogen,  or  consists  of  1 
equivalent  of  hydrogen  and  3  of  carbon.  (Pog.  Annalen, 
xxiii.  303.) 

The  alkalies  do  not  act  upon  naphthaline.  The  acetic  and 
oxalic  acids  dissolve  it,  forming  pink-coloured  solutions. 
Sulphuric  acid  enters  into  diiect  combination  with  it,  and 
forms  a  new  and  peculiar  acid,  which  Mr.  Faraday  has  de- 
scribed in  the  Philosophical  Transactions  for  1826,  under  the 
name  of  Sulpho^naphthalic  acid.  This  add  is  made  by  melt- 
ing naphthaline  with  half  its  weight  of  strong  sulphuric  add, 
when  a  red-coloured  liquid  is  formed,  which  becomes  a  crystal- 
line solid  in  cooling.  The  mass  is  soluble  in  water,  and  the 
solution  contains  a  mixture  of  sulphuric  and  sulpho^naph- 
thalic  acids.  On  neutralizing  with  carbonate  of  baryta,  the 
insoluble  sulphate  subsides,  while  the  soluble  sulpho-naph- 
thalate  remains  in  solution  ;  and  on  decomposing  this  salt  by 
a  quantity  of  sulphuric  add  predsely  suffident  for  predpi- 
tating  the  baryta,  pure  sulpho-naphthalic  add  is  obtained. 

The  aqueous  solution  of  the  acid,  as  thus  formed,  reddens 
litmus  paper  powerfully,  and  has  a  bitter  add  taste.  On 
concentrating  by  heat,  the  liquid  at  last  acquires  a  brown 
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tint,  and  if  then  taken  from  the  fire  becomes  solid  as  it  cools. 
If  tbe  concentration  is  effected  by  means  of  sulphuric  acid  in 
an  exhausted  receiver,  the  acid  becomes  a  soft  white  solid, 
apparently  dry,  and  at  length  hard  and  brittle.  In  this  state 
it  is  chemically  united  with  water,  and  deliquesces  on  expo- 
sure to  the  air ;  but  in  close  vessels  it  undergoes  no  change 
during  several  months.  Its  taste,  besides  being  bitter  and 
sour,  leaves  a  metallic  flavour  like  that  of  cupreous  salts. 
When  heated  in  a  tube  at  temperatures  below  212°,  it  is 
fused  without  undergoing  any  other  change,  and  crystallizes 
from  centres  in  cooling.  When  more  strongly  heated,  water 
is  expelled,  and  the  add  appears  to  be  then  anhydrous ;  but 
at  the  same  time  it  acquires  a  red  tint,  and  a  minute  trace  of 
free  sulphuric  acid  may  be  detected, — circumstances  which 
indicate  commendng  decomposition.  On  raising  the  tempe- 
rature still  higher,  the  red  colour  first  deepens,  then  passes 
into  brown,  and  at  length  the  add  is  resolved  into  lOiphtha- 
line,  sulphurous  add,  and  charcoal;  but  in  order  thus  to 
decompose  all  the  add,  a  red  heat  is  requisite. 

Sulpho-naphthalic  add  is  readily  soluble  in  water  and  al- 
cohol, and  is  also  dissolved  by  oil  of  turpentine  and  olive  oil, 
in  proportions  dependant  on  the  quantity  of  water  which  it 
contains.  By  the  aid  of  heat  it  unites  with  naphthaline.  It 
comlnnes  with  alkaline  bases,  and  forms  neutral  salts,  which 
are  called  tulpho-naphthalatti.     All  these  salts  are  soluble  in 
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hydrogen,  the  two  latter  existing  as  a  carburet  of  hydrogen. 
The  analysis  of  Faraday  has  lately  been  confirmed  by  Wbhler 
and  Liebig. 

ON  COAL    AND   OIL   GAS. 

The  nature  of  the  inflammable  gases  derived  from  the  de- 
structive distillation  of  coal  and  oil  was  first  ascertained  by 
Dr.  Henry,*  who  showed,  in  several  elaborate  and  able  essays, 
that  these  gaseous  products  do  not  differ  essentially  from  each 
other,  but  consist  of  a  few  well-known  compounds,  mixed 
in  different  and  very  variable  proportions.  The  chief  consti- 
tuents were  found  to  be  light  carburetted  hydrogen  and  ole- 
fiant  gases;  but  besides  these  ingredients,  they  contain  an 
inflammable  vapour,  free  hydrogen,  carbonic  acid,  carbonic 
oxide,  and  nitrogen  gases.  The  discoveries  of  Mr.  Faraday 
have  elucidated  the  subject  still  further,  by  proving  that 
there  exists  in  oil  gas,  and  by  inference  in  coal-gas  also,  the 
vapour  of  several  definite  compounds  of  carbon  and  hydro- 
gen, the  presence  of  which,  for  the  purposes  of  illumination,, 
is  exceedingly  important. 

The  illuminating  power  of  the  ingredients  of  coal  and  oil 
gas  is  very  unequal.  Thus  the  carbonic  oxide  and  carbonic 
acid  are  positively  hurtful ;  that  is,  the  other  gases  would 
give  more  light  without  them.  The  nitrogen  of  course  can 
be  of  no  service.  The  hydrogen  is  actually  prejudicial ;  be- 
cause,  though  it  evolves  a  large  quantity  of  caloric  in  burn- 
ing, it  emits  an  exceedingly  feeble  light.  The  carburets  of 
hydrogen  are  the  real  illuminating  agents,  and  the  degree  of 
light  emitted  by  these  is  dependant  on  the  quantity  of  carbon 
which  they  contain.  Thus  olefiant  gas  illuminates  much 
more  powerfully  than  light  carburetted  hydrogen ;  and  for 
the  same  reason,  the  dense  vapour  of  the  quadnxsarburet  of 
hydrogen  emits  a  far  greater  quantity  of  h'ght,  for  equal  vo- 
lumes, than  olefiant  gas. 

From  these  facts,  it  is  obvious  that  the  comparative  illumi- 
nating power  of  different  kinds  of  coal  and  oil  gas  may  be 
estimated,  approximately  at  least,  by  determining  the  rela- 
tive quantities  of  the  denser  carburets  of  hydrogen  which  enter 
into  their  composition.  This  may  be  done  in  three  ways. 
1.  By  their  specific  gravity.     2.  By  the  relative  quantities  of 

•  Ntcholion's  Journal  for  1805.     Phil.  Trans.  1808,  and  1821. 
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oxygen  required  for  tbcir  complete  combustioti.  3.  By  the 
idAdve  quantity  of  gaseous  matter  condensible  by  chloriDe  in 
the  dark ;  for  chlorine,  when  light  is  excluded,  oondenaes  all 
the  hydro-carbnrets,  excepting  light  carburetted  hydn^^. 
Of  these  methods,  the  last  is,  I  conceive,  the  least  excep- 
tionable.* 

The  formation  of  coal  and  oil  goB  is  a  process  of  consider- 
able delicacy.  Coal  gas  is  prepared  by  heating  coal  to  red> 
ness  in  iron  retorts.  The  quality  of  the  gas,  as  made  at  dif- 
ferent places,  or  at  the  same  place  at  different  times,  is  very 
variable,  the  specific  gravity  of  some  sp^mens  having  been 
found  as  low  as  0*443,  and  that  of  others  as  high  as  0-700. 
These  differences  arise  in  part  from  the  nature  of  the  coal* 
and  partly  from  the  mode  in  which  the  process  is  conducted. 
The  regulation  of  the  degree  of  heat  is  the  chief  circumstance 
in  the  mode  of  operating,  by  which  the  quality  of  the  gas  is 
affected.  That  the  quality  of  the  gas  may  be  influenced 
from  this  cause  is  obvious  from  the  fact,  that  all  the  dense 
bydro-carbureta  are  resolved  by  a  strong  red  heat  either  into 
charcoal  and  light  carburetted  hydrogen,  or  into  charcoal 
and  hydrogen  gas.  Consequently  the  gas  made  at  a  very 
high  temperature,  though  its  quantity  may  be  comparatively 
great,  has  a  low  specific  gravity,  and  illuminates  feebly.  It 
is  therefore  an  object  of  importance  that  the  temperature 
should  not  be  greater  than  is  required  for  decomposing  the 
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heavier  hydro-carburets.  If  the  latter  predominate,  the  quan- 
tity of  gas  derived  from  a  given  weight  of  oil  is  greatly 
diminished ;  and  a  subsequent  loss  is  experienced  by  the  con- 
densation of  the  inflammable  vapours  when  the  gas  is  com- 
pressed; or  while  it  is  circulating  through  the  distributing 
tubes. 

Coal  gas,  when  first  prepared,  always  contains  sulphuretted 
hydrogen,  and  for  this  reason  must  be  purified  before  being 
distributed  for  burning.  The  process  of  purification  consists 
in  passing  the  gas  under  strong  pressure  through  milk  of  lime, 
or  causing  it  to  descend  through  successive  layers  of  dry  hy- 
drate of  lime.  This  latter  method,  which  is  practised  with 
great  success  at  Perth  under  the  able  direction  of  Mr.  An- 
derson of  that  city,  has  this  advantage  over  the  former,  that 
while  it  deprives  the  gas  completely  of  sulphuretted  hydro- 
gen, there  is  no  loss  from  absorption  of  olefiant  gas  or  the 
heavy  hydro-carburets,  as  invariably  ensues  when  milk  of 
lime  is  employed.  But  coal  gas,  after  being  thus  purified, 
still  retains  some  compound  of  sulphur,  most  probably,  as 
Mr.  Brande  conjectures,  sulphuret  of  carbon,  owing  to  the 
presence  of  which  a  minute  quantity  of  sulphurous  acid  is 
generated  during  its  combustion.  Oil  gas,  on  the  contrary, 
needs  no  purification ;  and  as  it  is  free  from  all  compounds  of 
sulphur,  it  does  not  yield  any  sulphurous  acid  in  burning, 
and  is  therefore  better  fitted  for  lighting  dwelling-houses  than 
coal-gas. 

With  respect  to  the  relative  economy  of  the  two  gases,  I 
may  observe  that  the  illuminating  power  of  oil  gas,  of  specific 
gravity  0.900,  is  about  double  that  of  coal-gas  of  0*600.  In 
coal  districts,  however,  oil  gas  is  fully  three  times  the  price  of 
coal  gas,  and  therefore  in  such  situations,  the  latter  is  consi- 
derably cheaper.     (Essay  above  quoted.) 

A  successful  attempt  has  been  made  by  Mr.  Daniell  to  pro- 
cure a  gas,  similar  to  that  from  oil  in  being  free  from  sulphur, 
but  made  with  cheaper  materials.  The  substance  employed 
for  this  purpose  is  a  solution  of  common  resin  in  oil  of  tur- 
pentine. The  combustible  liquid  is  made  to  drop  into  red- 
hot  retorts  in  the  same  manner  as  oil;  and  the  oil  of  turpen- 
tine, which  from  its  volatility  is  driven  off  in  vapour,  is  col- 
lected, and  again  used  as  a  menstruum.  For  this  process 
Mr.  Daniell  has  taken  out  a  patent,  and  the  gas  so  prepared 
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is  empbyed  by  Mr.  Gordon  for  filling  his  portable  lamps. 
The  gas,  when  properly  made,  is  said  to  be  of  very  superior 
quality,  and  nearly  if  not  quite  equal  to  oil  gas.  A.  patent 
has  alao  been  taken  for  the  formation  of  gas  from  a  volatile 
oil,  prepared  during  the  destructive  distillation  of  resin,  and 
a  manufacture  both  of  the  oil  and  gas  is  established  at  Ham- 
mersmith, near  London. 

SECTION  III. 

COMPOUNDS  OF  HYDROGEN  AND  SULPHUR.  SULPHURETTED 
HYDROGEN. 
The  best  method  of  preparing  pure  sulphuretted  hydrogen 
is  by  heating  sulphuret  of  antimony  in  a  retort,  or  any  con- 
venient glass  flask,  with  four  or  five  times  its  wdght  of  strong 
muriatic  add.  An  interchange  of  elements  takes  place  be- 
tween water  and  the  sulphuret  of  antimony,  in  consequence 
of  which,  sulphuretted  hydrogen  and  protoxide  of  antimony 
are  generated.  The  former  escapes  with  eflervesceace,  while 
the  latter  unites  with  muriatic  acid.  Tlie  affinities  which 
determine  these  changes  are  the  attraction  of  hydrogen  for 
sulphur,  of  oxygen  for  antimony,  and  of  muriatic  acid  for 
protoxide  of  antimony.  This  process  may  be  explained  dif- 
f^ently.  Instead  of  water,  muriatic  acid  may  be  supposed 
to  undei^  decomposition,  and,  yielding  its  hydrogen  to  the 
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flame  passes  rapidly  through  the  vessel,  sulphur  and  nitrous 
acid  fumes  make  their  appearance,  and  of  course  water  is 
generated.  Chlorine,  iodine,  and  bromine  decompose  sul- 
phuretted hydrogen,  with  separation  of  sulphur,  and  for- 
mation either  of  muriatic,  hydriodic,  or  hydro-bromic  add. 
An  atmosphere  charged  with  sulphuretted  hydrogen  gas 
may  be  purified  by  means  of  chlorine  in  the  space  of  a  few 

minutes. 

Sulphuretted  hydrogen,  from  its  affinity  for  metallic  sub- 
stances, is  a  chemical  agent  of  great  importance.  It  tarnishes 
gold  and  silver  powerfully,  forming  with  them  metallic  sul- 
phurets.  White  paint,  owing  to  the  lead  which  it  contains, 
is  blackened  by  it ;  and  the  salts  of  nearly  all  the  common 
metals  are  decomposed  by  its  action.  In  most  cases,  the  hy- 
drogen of  the  sulphuretted  hydrogen  combines  with  the 
oxygen  of  the  oxide,  and  the  metal  unites  with  the  sulphur. 

Sulphuretted  hydrogen  is  readily  distinguished  from  other 
gases  by  its  odour.  The  most  delicate  chemical  test  of  its  pre- 
sence is  carbonate  of  lead  (white  paint)  mixed  with  water  and 
spread  upon  a  piece  of  white  paper.  So  minute  a  quantity 
of  sulphuretted  hydrogen  may  by  this  means  be  detected, 
that  one  measure  of  the  gas  mixed  with  20,000  times  its 
volume  of  air,  hydrogen,  or  carburetted  hydrogen,  gives  a 
brown  stain  to  the  whitened  surface.     (Dr.  Henry.) 

PERSULPHURETTED   HYDROGEN. 

Though  Scheele  discovered  this  compound,  it  was  first  par- 
ticularly described  by  BerthoUet.  (An.  de  Ghimie,  vol.  xxv.) 
It  may  be  made  conveniently  by  boiling  equal  parts  of  re- 
cently slaked  lime  and  flowers  of  sulphur  with  five  or  six  of 
water,  when  a  deep  orange^yellow  solution  is  formed,  which 
contains  a  hydrosulphuret  of  lime  with  excess  of  sulphur.  Let 
this  liquid  be  then  gradually  poured  into  muriatic  acid  diluted 
with  about  twice  its  weight  of  water,  taking  care  to  have  an 
excess  of  acid  and  to  stir  briskly  after  each  addition.  Under 
these  circumstances  there  is  a  copious  deposite  of  sulphur ; 
and  the  greater  part  of  the  sulphuretted  hydrogen,  instead  of 
escaping  with  efiervescence,  combines  with  sulphur  so  as  to 
constitute  persulphu retted  hydrogen,  which  gradually  sub- 
sides in  the  form  of  a  yellowish  semi-fluid  matter  like  oil.  It 
is  essential  that  the  acid  should  be  in  excess,  and  that  the 
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The  accuracy  of  this  statement  is  confirmed  by  several  cir- 
cumstances. Thus,  according  to  Qay-Lussac  and  Thenard, 
the  weight  of  100  cubic  inches  of  sulphuretted  hydrogen  is 
36'33  grains.  When  sulphur  is  heated  in  hydrogen  gas, 
sulphuretted  hydrogen  is  generated  without  any  change  of 
volume.  On  igniting  platinum  wires  in  it  by  means  of  the 
voltaic  apparatus,  sulphur  is  deposited,  and  an  equal  volume 
of  pure  hydrogen  remains  ;  and  a  similar  effect  is  produced, 
though  more  slowly,  by  a  succession  of  electric  sparks.  (Ele- 
ments of  Sir  H.  Davy,  p.  282.)  Oay-Lussac  and  Thenard 
have  given  ample  demonstration  of  the  same  fact.  Thus  on 
heating  tin  in  sulphuretted  hydrogen  gas,  a  sulphiiret  of  tin 
is  formed ;  and  when  potassium  is  heated  in  it,  vivid  combus* 
tion  ensues,  with  formation  of  sulphuret  of  potassium.  In 
both  cases,  pure  hydrogen  is  left,  which  occupies  precisely  the 
same  space  as  the  gas  &om  which  it  was  derived.  (Recherches 
Physico-Chimiques,  vol.  i.) 

From  the  data  above  stated,  it  follows  that  sulphuretted 
hydrogen  is  composed,  by  weight,  of 

Sulphur  34'454  16  one  equivalent. 

Hydrogen      .         2*1634  ■       1  one  equivalent. 

Sulphuretted  hydrogen  has  decidedly  acid  properties ;  for 
it  reddens  litmus  paper,  and  forms  salts  with  alkalies.  It  is 
hence  sometimes  called  hydra-sulphuric  acid.     Its  salts  are 
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flame  passes  rapidly  through  the  vessel,  sulphur  and  nitrous 
acid  fumes  make  their  appearance,  and  of  course  water  is 
generated.  Chlorine,  iodine,  and  bromine  decompose  sul- 
phuretted hydrogen,  with  separation  of  sulphur,  and  for- 
mation either  of  muriatic,  hydriodic,  or  hydro-bromic  add. 
An  atmosphere  charged  with  sulphuretted  hydrogen  gas 
may  be  purified  by  means  of  chlorine  in  the  space  of  a  few 
minutes. 

Sulphuretted  hydrogen,  from  its  affinity  for  metallic  sub- 
stances, is  a  chemical  agent  of  great  importance.  It  tarnishes 
gold  and  silver  powerfully,  forming  with  them  metallic  sul- 
phurets.  White  paint,  owing  to  the  lead  which  it  contains, 
is  blackened  by  it ;  and  the  salts  of  nearly  all  the  common 
metals  are  decomposed  by  its  action.  In  most  cases,  the  hy- 
drogen of  the  sulphuretted  hydrogen  combines  with  the 
oxygen  of  the  oxide,  and  the  metal  unites  with  the  sulphur. 

Sulphuretted  hydrogen  is  readily  distinguished  from  other 
gases  by  its  odour.  The  most  delicate  chemical  test  of  its  pre- 
sence is  carbonate  of  lead  (white  paint)  mixed  with  water  and 
spread  upon  a  piece  of  white  paper.  So  minute  a  quantity 
of  sulphuretted  hydrogen  may  by  this  means  be  detected, 
that  one  measure  of  the  gas  mixed  with  20,000  times  its 
volume  of  air,  hydrogen,  or  carburetted  hydrogen,  gives  a 
brown  stain  to  the  whitened  surface.     (Dr.  Henry.) 

PERSULPHURETTED   HYDROGEN. 

Though  Scheele  discovered  this  compound,  it  was  first  par- 
ticularly described  by  Ber-thoUet.  (An.  de  Chimie,  vol.  xxv.) 
It  may  be  made  conveniently  by  boiling  equal  parts  of  re- 
cently slaked  lime  and  flowers  of  sulphur  with  five  or  six  of 
water,  when  a  deep  orange^yellow  solution  is  formed,  which 
contains  a  hydrosulphuret  of  lime  with  excess  of  sulphur.  Let 
this  liquid  be  then  gradually  poured  into  muriatic  acid  diluted 
with  about  twice  its  weight  of  water,  taking  care  to  have  an 
excess  of  acid  and  to  stir  briskly  after  each  addition.  Under 
these  circumstances  there  is  a  copious  deposite  of  sulphur ; 
and  the  greater  part  of  the  sulphuretted  hydrogen,  instead  of 
escaping  with  efiervescence,  combines  with  sulphur  so  as  to 
constitute  persulphuretted  hydrogen,  which  gradually  sub- 
sides in  the  form  of  a  yellowish  semi-fluid  matter  like  oil.  It 
is  essential  that  the  acid  should  be  in  excess,  and  that  the 
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sllcaluie  solutidn  ifaould  be  poured  into  the  acid,  not  the  acid 
into  die  dkatine  solution. 

From  the  facility  with  which  this  substance  resolves  itself 
into  sulphur  and  sulphuretted  hydrogen,  its  history  is  im- 
perfect :  indeed  we  are  indebted  to  a  recent  essay  by  The- 
nard  for  the  principal  facts  which  ore  known.  (An.  de  Ch. 
et  Ph.  xlviii.  79-)  At  common  temperatures  it  is  a  viscid 
liquid,  of  a  yellow  colour,  with  a  density  about  1*769,  and 
a  consistence  varying  between  that  of  a  volatile  uid  fixed  oil. 
It  has  the  peculiar  odour  and  taste  of  sulphuretted  hydro- 
gen, though  in  a  less  degree.  Its  elements  are  so  feebly 
united,  that  in  the  cold  it  gradually  resolves  itself  into  sul- 
phur and  sulphuretted  hydrogen,  and  suffers  the  same  change 
instantly  by  a  heat  considerably  short  of  212°  F.  Decompo- 
sitiun  is  also  produced  by  the  contact  of  most  substances, 
especially  of  metals,  metallic  oxides,  even  the  alkalies,  and 
metallic  sulphurets.  Thus  effervescence  from  the  escape  of 
sulphuretted  hydrogen  is  produced  by  peroxide  of  manga- 
nese, silica,  the  alkaline  earths  in  powder,  and  solutions  of 
potash  or  soda  ;  and  the  oxides  of  gold  and  silver  are  reduced 
by  it  with  such  energy,  that  they  are  rendered  incandescent. 
It  is  remarkable  that  the  substance  which  causes  the  decom- 
pontion,  often  undergoes  no  chemical  change  whatever.  In 
these  respects  persulphu retted  hydrogen  bears  a  close  analogy 
to  bin-oxide  of  hydrogen,  and  Thenard  has  traced  other  points 
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bj  the  name  of  per-hydrosulphurets^  or  of  sulphuretted  hydro* 
sulphurets.  These  salts  may  be  prepared  by  digesting  sul- 
phur in  solutions  of  the  alkaline  or  earthy  hydrosulphurets. 
They  are  also  generated  when  alkalies  or  alkaline  earths  are 
boiled  with  sulphur  and  water ;  but  in  this  case,  another  salt 
is  formed  at  the  same  time.  Thus,  on  boiling  together  lime 
and  sulphur,  as  in  the  preceding  process,  the  only  mode  by 
which  sulphuretted  hydrogen  can  be  formed  at  all,  is  by  de- 
composition of  water;  but  since  no  oxygen  escapes  during 
the  ebullition,  it  is  manifest  that  the  elements  of  that  liquid 
must  have  combined  with  separate  portions  of  sulphur,  and 
have  formed  two  distinct  acids.  One  of  these,  in  all  proba- 
bility, is  hyposulphurous  acid ;  and  the  other  is  bisulphur- 
ette^  hydrogen. 

The  salts  of  bisulphuretted  hydrogen  absorb  oxygen  from 
the  air,  and  pass  gradually  into  hyposulphites.  A  similar 
change  is  speedily  effected  by  the  action  of  sulphurous  acid. 
Dilute  muriatic  and  sulphuric  acids  produce  in  them  a  depo- 
sition of  sulphur,  and  evolution  of  sulphuretted  hydrogen  gas. 


SECTION  IV. 

HYDROGEN   AND  SELENIUM. — HYDRO-SELENIC   ACID. 

Sblbnium,  like  sulphur,  forms  a  gaseous  compound  with 
hydrogen,  which  has  distinct  acid  properties,  and  is  termed 
seleniuretted  hydrogen,  or  hydro^elenic  acid.  This  gas  is 
disengaged  when  muriatic  acid  is  added  to  a  concentrated 
solution  of  any  hydro-sdeniate.  It  may  also  be  procured  by 
heating  seleniuret  of  iron  in  muriatic  add.  By  decomposi- 
tion of  water,  oxide  of  iron  and  hydro-selenic  add  are  gene> 
rated ;  and  while  the  former  unites  with  muriatic  acid,  the 
latter  escapes  in  the  form  of  gas. 

Hydro-selenic  acid  gas  is  colourless.  Its  odour  is  at  first 
similar  to  that  of  sulphuretted  hydrogen ;  but  it  afterwards 
irritates  the  lining  membrane  of  the  nose  powerfully,  exdtes 
catarrhal  symptoms,  and  destroys  for  some  hours  the  sense  of 
smelling.  It  is  absorbed  freely  by  water,  forming  a  colour- 
less solution,  which  reddens  litmus  paper,  and  gives  a  brown 
stain  to  the  skin.  The  add  is  soon  decomposed  by  exposure 
to  the  atmosphere ;  for  the  oxygen  of  the  air  unites  with  the 
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hjdragea  of  the  bydro-eelenic  acid,  and  selenium,  in  the  form 
1^  a  red  powder,  subndes. 

All  the  ults  of  the  common  metals  are  decompooed  by 
hydro-seLenic  acid.  The  hydrogen  of  that  acid  combines 
with  the  oxygen  of  the  oxide,  and  a  seleniuret  of  the  metal  ia 
generated. 

Hydro-aelmc  acid  gas  is  compOEed,  according  to  the  analy- 
■M  of  BerzeliuB,  of  me  equivalent  of  each  of  its  constituents. 


SECTION  V. 

COMPOUNDS   OF   HYDROGEN    AND   PHOSPHORUS. 

Much  uncertainty  still  prevails  concerning  the  nature  of 
these  contpounds.  Even  ^eir  number  is  doubtful ;  though 
two  are  generally  admitted  by  chemists.  Some  of  the  diffi- 
culties have,  however,  been  lately  removed.  The  observa* 
ti<m8  of  Dumas,  relative  to  the  constitution  of  protophosphu- 
retted  hydrogen,  have  been  confirmed  by  M.  Buff;  and, 
therefore,  the  unexpected  statement  of  Rose,  that  this  cmn- 
pound  contains  more  phosphorus  than  perphosphuretted  hy- 
drogen, may  be  inferred  to  be  incorrect.  (An.  de  Ch.  et  Ph. 
xxxi.  113.  et  xli.  220 ;  and  PoggendorfTs  Annalen,  viii.  192.) 

Proto-pkotpkurttled  Hydrogen.  This  gas,  which  was  dts- 
eovered  in  181S  by  Sir  U.  Davy,  is  colourless,  and  has  a  dis- 
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from  hydrous  hypophosphorous  add  by  similar  treatment. 
It  is  also  formed,  according  to  Dumas,  by  the  action  of  strong 
muriatic  acid  on  phosphuret  of  lime ;  and  likewise  by  the 
spontaneous  decomposition  of  per-phosphuretted  hydrogen. 

Dr.  Thomson  states  that  when  sulphur  is  heated  in  100 
measures  of  protophosphu  retted  hydrogen,  sulphuret  of  phos- 
phorus and  200  measures  of  sulphuretted  hydrogen  are  gene- 
rated ;  and  he  hence  infers  that  the  former  contains  twice  its 
volume  of  hydrogen  gas.  But  this  mode  of  analysis  is  inac- 
curate, since  a  considerable  quantity  of  sulphuretted  hydro- 
gen is  always  absorbed  by  the  excess  of  sulphur  employed  in 
the  experiment.  Dumas,  who  detected  this  error,  has  also 
proved  protophosphuretted  hydrogen  to  contain  once  and  a 
half  its  volume  of  hydrogen.  His  experiments  were  made  by 
introducing  into  a  tube  containing  the  gas  a  fragment  of  bi- 
chloride of  mercury  (corrosive  sublimate),  and  applying  heat 
so  as  to  convert  it  into  vapour.  Mutual  decomposition  in- 
stantly took  place  :  phosphuret  of  mercury  and  muriatic  acid 
were  generated ;  and  100  measures  of  gas,  thus  decomposed, 
yielded  300  measures  of  muriatic  acid  gas,  corresponding  to 
150  of  hydrogen.  The  quantity  of  hydrogen  contained  in 
any  given  volume  of  protophosphuretted  hydrogen  is  thus 
given  ;  and  by  subtracting  the  weight  of  the  former  from  that 
of  the  latter,  the  compound  is  found  to  consist  of  1  part  of 
hydrogen  to  10*65  of  phosphorus.  But  though  this  calcula- 
tion is  founded  on  data  which  appear  to  be  correct,  the  equi- 
valent of  phosphorus,  deducible  from  it,  does  not  correspond 
with  that  formerly  stated.     (Page  291.) 

It  is  affirmed  by  Dr.  Thomson  that  when  protophosphu- 
retted hydrogen  is  detonated  with  1*5  its  volume  of  oxygen 
gas,  the  only  products  are  water  and  phosphorous  add ;  but 
when  the  oxygen  is  in  considerable  excess,  two  volumes  dis- 
appear for  one  of  the  compound,  and  water  and  phosphoric 
acid  are  generated.  Now  the  hydrogen  contained  in  one 
volume  of  protophosphuretted  hydrogen  is  equal  to  1*5,  and 
it  unites  with  0*75  of  oxygen.  Hence  if  0*75,  or  f ,  be  de- 
ducted from  1  *5  and  from  2,  the  remainders,  }  and  4,  repre- 
sent the  relative  quantity  of  oxygen  which  is  required  to  con- 
vert the  same  weight  of  phosphorus  into  phosphorous  and 
phosphoric  acid.  These  numbers  are  obviously  in  the  ratio 
of  3  to  5,  as  already  stated  on  the  authority  of  Berielius. 
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(Page  291  ■)  The  demeats  of  tbe  calculation  have  been  con- 
firmed both  by  Dumoa  and  BufT. 

It  frequently  happens  in  the  preparatioD  of  protophospbu- 
retted  hydrc^^,  especdally  when  heat  is  incautiously  applied, 
that  it  is  mixed  with  Tariable  quantities  of  free  hydrogen, 
which  has  been  doubtless  often  overlooked,  and  thus  the  fre- 
quent cause  of  error.  Dumas  obviated  this  source  of  fallacy 
by  agitating  portions  of  the  gas,  which  he  employed,  with  a 
cold,  saturated,  solution  of  sulphate  of  copper.  This  sub- 
stance has  the  property  of  absorbing  both  of  the  compounds 
of  phosphorus  and  hydrogen  entirely,  with  production  of 
phosphuret  of  copper ;  while  the  free  hydrogen  is  left,  and 
tbe  purity  of  the  gas  ascertained.  Sulphuric  acid  and  chlo- 
ride of  lime  act  in  a  similar  manner.  Protophosphuretted 
hydrogen  has  neither  an  acid  nor  alkaline  reaction,  nor  does 
it  manifest  any  distinct  tendency  to  unite  with  either  class  of 
bodies.  To  this  remark,  however,  its  action  with  hydro- 
bromic  and  hydriodic  acid  gas  is  an  exception :  when  mixed 
with  either  at  these  gases  combination  readily  ensues,  and  a 
volatile  compound  is  formed  which  is  colourless  and  crystal- 
lizes in  cubes.    (Au.  de  Ch.  et  Ph.  xlviii.  87.) 

Perpkosphuretted  Hydrogen.  The  gas,  to  which  this  name 
is  applied,  waa  discovered  in  the  year  1783  by  M.Gengembre, 
and  has  since  been  particularly  examined  by  Dalton,  Thomson, 
Dumas,  and  Rose.     It  may  be  prepared  in  several  ways.    The 
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as  to  decompose  the  hypophosphite,  a  temperature  which  is 
never  attained  so  long  as  the  materials  are  moist  It  has  a 
peculiar  odour,  resembling  that  of  garlic,  and  a  bitter  taste. 
Its  specific  gravity  according  to  Dr.  Thomson  is  0*9027, 
according  to  Dalton  1*1  nearly,  and  1*761  according  to 
Dumas.     It  does  not  support  flame  or  respiration. 

Recently  boiled  water,  according  to  Dalton,  absorbs  fully 
one-eighth  of  its  bulk  of  this  gas,  most  of  which  is  again  ex- 
pelled by  boiling  or  agitation  with  other  gases ;  btit  Dr. 
Thomson  states  that  water  takes  up  only  about  five  per  cent, 
of  its  volume.  The  aqueous  solution  does  not  redden  litmus 
paper,  nor  does  the  gas  itself  possess  any  of  the  properties  of 
acids.  The  gas  is  freely  and  completely  absorbed  by  a  solu« 
tion  of  sulphate  of  copper  or  chloride  of  lime,  by  which  means 
its  purity  may  be  ascertained,  and  the  presence  of  hydrogen 
detected. 

This,  as  well  as  the  other  compound  of  phosphorus  and 
hydrogen*  sometimes  decomposes  metallic  solutions  in  the 
same  manner  as  sulphuretted  hydrogen,  giving  rise  to  the 
formation  of  water  and  a  phosphuret  of  the  metal.  But  if  the 
metal  has  a  feeble  affinity  for  oxygen,  it  is  thrown  down  in 
the  metallic  state,  and  water  and  phosphoric  add  are  gene- 
rated. This  is  the  case,  according  to  Rose,  with  solutions  of 
gold  and  silver. 

The  most  remarkable  character  of  this  compound,  by 
which  it  is  distinguished  from  all  other  gases,  is  the  sponta- 
neous combustion  which  it  undergoes  when  mixed  with  air  or 
oxygen  gas.  If  the  beak  of  the  retort  from  which  it  issues  is 
plunged  under  water,  so  that  successive  bubbles  of  the  gas 
may  arise  through  the  liquid,  a  very  beautiful  appearance 
takes  place.  Each  bubble,  on  reaching  the  surface  of  the 
water,  bursts  into  flame,  and  forms  a  ring  of  dense  white 
smoke,  which  enlarges  as  it  ascends,  and  retains  its  shape,  if 
the  air  is  tranquil,  until  it  disappears.  The  wreath  is 
formed  by  the  products  of  the  combustion — phosphoric  acid 
and  water.  If  received  in  a  vessel  of  oxygen  gas,  the  en- 
trance of  each  bubble  is  instantly  followed  by  a  strong  con- 
cussion, and  a  flash  of  white  light  of  extreme  intensity.  It  is 
remarkable  that,  whatever  may  be  the  excess  of  oxygen, 
traces  of  phosphorus  always  escape  combustion ;  but  that  if 
the  gas  be  previously  mixed  with  three  times  it^  volume,  and 
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be  theo  mixed  with  oxygen,  the  combustion  is  perfect.  Dal- 
tOD  observed  that  it  may  be  mixed  with  pure  oxygen  in  a 
tube  of  three-tenths  of  an  inch  in  diameter  without  taking 
fire ;  but  that  the  mixture  detonates  when  an  electric  spark 
is  transmitted  through  it. 

In  consequence  of  the  combustibility  of  pbosphuretted  hy- 
drcgen,  it  would  be  hazardous  to  mix  it  iu  any  quantity  with 
air  or  oxygen  gas  in  close  vessels.  For  the  same  reason  care 
is  necessary  in  the  formation  of  this  gas,  lest,  in  mixing  with 
the  air  of  the  apparatus,  an  explosioa  ensue,  and  the  vessd 
burst.  The  ridi  of  such  an  accident  is  avoided,  when  phos- 
phuret  o(  lime  is.  used,  by  filling  the  flask  or  retort  entirely 
with  dilute  add ;  and  in  either  of  the  other  processes,  by 
causing  the  pbosphuretted  hydrogen  to  be  formed  slowly  at 
first,  in  order  that  the  oxygen  gas  within  the  apparatus  may 
be  gradually  consumed.  A  very  simple  method  of  averting 
all  danger  has  been  mentioned  by  Mr.  Graham.  It  conasts 
in  moistening  the  interkN*  of  the  retort  with  one  or  two  drops 
of  ether,  the  vapour  of  which,  when  mixed  with  atmospheric 
air  even  in  small  proportion,  effectually  prevents  the  com- 
bustion of  pbosphuretted  hydrogen. 

Perphosphuretted  hydrogen  gas  is  resolved  into  its  ele< 
ments  by  exposure  to  strong  beat,  or  by  successive  sparks  of 
electricity ;  and  when  sulphur  is  volatilized  in  this  gas,  the 
pbosphuretted  is  converted  into  sulphuretted  hydrogen.     Dr. 
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without  change  of  volume,  and  ceases  to  be  spontaneously 
combustible  when  mixed  with  atmospheric  air.  According 
to  Thomson  the  perphosphuretted  hydrogen  parts  with  l-4th 
of  its  phosphorus  under  these  circumstances,  and  a  peculiar 
gas,  which  he  has  called  sub-phosphuretted  hydrogen^  is  gene- 
rated ;  but  Dumas  maintains  that  l-3rd  of  the  phosphorus  is 
deposited,  and  that  the  new  gas  is  identical  with  protophos* 
phuretted  hydrogen. 

Perphosphuretted  hydrogen,  according  to  Dr.  Thomson,  is 
composed  of  1  part  of  hydrogen  to  12  of  phosphorus ;  the 
proportion  as  stated  by  Rose  is  as  1  to  10*62  ;  and  according 
to  Dumas,  it  is  as  1  to  16*1.  Such  results,  it  is  manifest, 
prove  nothing  but  the  uncertainty  of  our  chemical  knowledge 
relative  to  this  subject.  The  cause  of  the  discordance  is,  in- 
deed, fully  explained  by  M.  Buff,  for  the  gas  is  not  only 
always  mixed  with  more  or  less  free  hydrogen  at  the  moment 
of  its  formation,  but  is  so  extremely  liable  to  spontaneous  de^ 
composition,  even  at  common  temperatures,  that  the  same 
specimen  will  vary  in  its  constitution  during  the  course  of  an 
hour. 

SECTION  VI. 

COMPOUNDS  OF  NITROGEN  AND  CARBON. 
BICARBURET   OF   NITROGEN,   OR   CYANOGEN   GAS. 

Cyanoobn  gas,  the  discovery  of  which  was  made  in  1815 
by  M.  Gray-Lussac,  (An.  de  Ch.  xcv.)  is  prepared  by  heating 
bicyanuret  of  mercury,  carefully  dried,  in  a  small  glass 
retort,  by  means  of  a  spirit  lamp.  This  cyanuret  which,  on 
the  supposition  of  its  being  a  compound  of  oxide  of  mercury 
and  prussic  acid,  was  formerly  called  prussiate  of  mercury f 
is  in  reality  composed  of  metallic  mercury  and  cyanogen. 
On  exposing  it  to  a  low  red  heat  it  is  resolved  into  its 
elements :  the  cyanogen  passes  over  in  the  form  of  gas,  and 
the  metallic  mercury  is  sublimed.  The  retort,  at  the  close  of 
the  process,  contains  a  small  residue  of  a  dark  brown  matter 
like  charcoal,  but  which  Mr.  Johnston  has  shown  to  consist 
of  the  same  ingredients  as  the  gas  itself. 

Cyanogen  gas  is  colourless,  and  has  a  strong  pungent  and 
very  peculiar  odour.  At  the  temperature  of  45^  F.  and  under 
a  pressure  of  3*6  atmospheres,  it  is  a  limpid  liquid,  which 
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Mr.  Kemp  finds  to  be  a  non-conductor  of  dectridty,  and 
which  reaumeH  the  gmseous  form  when  the  pressure  is  re- 
moved. It  extinguishes  burning  bodies ;  but  it  is  inflam- 
mable, and  bums  with  a  beautiful  and  characteristic  purple 
flame.  It  can  support  a  strong  heat  without  decomposition. 
Water,  at  the  temperature  of  60°  F.,  absorbs  4'5  times,  and 
alcohol  23  times  its  volume  of  the  gas.  The  aqueous  so- 
lution reddens  litmus  paper ;  but  this  effect  is  not  to  be 
ascribed  to  the  gas  itself,  but  to  the  presence  of  adds  which 
are  generated  bj  the  mutual  decomposition  of  cyanogen  and 
water.  It  appears  tiom  the  observations  of  Wobler  that  (^ 
two  of  the  products  are  c^anous  acid  and  ammonia  ;  which, 
uniting  together,  generate  urea.  (An.  de  Ch.  et  de  Ph. 
xliii.  73.) 

The  composition  of  cyanogen  may  be  determined  by  mixing 
that  gas  with  a  due  proportion  of  oxygen,  and  inflaming  the 
mixture  by  electricity.  Gay-Luasac  ascertained  in  this  way 
that  100  measures  of  cyanogen  require  200  of  oxygen  for 
complete  combustion,  that  no  water  is  formed,  and  that  the 
products  are  200  measures  of  carbonic  acid  gas  and  100  of 
nitrogen.  Hence  it  ibllows  that  cyanogen  contains  its  own 
bulk  of  nitrogen,  and  twice  its  volume  of  the  vapour  of 
carbon.     Ccwsequently,  since 

100  cubic  inches  of  nitrogen  gas  weigh  30-15 
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Cyanogen,  though  a  compound  body,  has  a  remarkabk 
tendency  to  combine  with  elementary  substances.  Thus  it  is 
capable  of  uniting  with  the  simple  non^metallic  bodies,  and 
evinces  a  strong  attraction  for  metals.  When  potassium,  for 
instance,  is  heated  in  cyanogen  gas,  such  energetic  action 
ensues,  that  the  metal  becomes  incandescent,  and  cyanuret  of 
potassium  is  generated.  The  affinity  of  cyanogen  for  metallic 
oxides,  on  the  contrary,  is  comparatively  feeble.  It  enters 
intp  direct  combination  with  a  few  alkaline  bases  only,  and 
these  compounds  are  by  no  means  permanent.  From  these 
remarks  it  is  apparent  that  cyanogen  has  no  claim  to  be 
r^arded  as  an  acid. 

An  examination  of  the  brown  matter,  left  in  the  retort 
after  the  preparation  of  cyanogen  gas,  has  been  made  by  Mr. 
Johnston,  who  by  burning  it  with  chlorate  of  potash  found 
it  to  ccxitain  carbon  and  nitrogen  united  in  the  same  ratio  as 
in  cyanogen  gas.  It  is,  in  fact,  a  solid  bi-carburet  of  nitrogen, 
isomeric  with  cyanogen,  (page  289)  but  differing  from  it  es- 
sentially in  its  physical  and  chemical  relations.  On  heating 
this  solid  bicarburet  in  the  open  air,  several  definite  com- 
pounds of  carbon  and  nitrogen  may  be  successively  obtained. 
After  considerable  heating,  the  ratio  of  carbon  to  nitrogen  is 
as  3  to  2 ;  again  heated,  the  proportion  becomes  as  7  to  6 ; 
and  finally,  after  a  still  longer  heat,  the  ratio  of  the  equiva- 
lents is  as  1  to  1.  Thus  the  carbon  is  gradually  burned 
away,  leaving  the  nitrogen  fixed,  until  a  proto-carburet  of 
nitrogen  is  formed.  On  continuing  the  heat  after  this  period, 
both  elements  fly  off  together,  and  the  whole  is  dissipated. 
The  solid  bi-carburet  of  cyanogen  is  also  generated^  when  a 
saturated  solution  of  cyanogen  in  alcohol  is  kept  in  contact 
with  mercury  ;  and  Mr.  Johnston  suggests  that  the  carbona- 
ceous residue  after  the  charring  of  animal  substances  by  heat, 
is  probably  in  many  cases  a  carburet  of  nitrogen,  and  not 
pure  charcoal  as  is  commonly  thought.  (Brewster^s  Joum. 
N.  8.  i.  76.) 

HYDROCYANIC   OR   PRUSSIC   ACID. 

Prussic  acid  was  discovered  in  the  year  1782  by  Soheele, 
and  Berthollet  afterwards  ascertained  that  it  contains  carbon, 
nitrogen,  and  hydrogen ;  but  Gay-Lussac  first  procured  it  in 
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■  pure  state,  aod  by  the  discovery  of  cyanogen  was  enabled 
to  detowine  its  real  nature.  The  substance  prepared  by 
Scbeele  was  merely  a  solution  of  prusdc  acid  in  water. 

Pure  hydrocyaaic  or  prussic  acid  may  be  pr^iared  by 
heating  Ucyaauret  of  mercury  in  a  glass  retort  with  two- 
thirds  of  its  weight  of  concentrated  muriatic  acid.  By  an  in- 
terchange of  elements  droilar  to  that  which  was  explained  in 
the  first  process  for  forming  sulphuretted  hydrogen,  (p.  381), 
the  cyanogen  of  the  bicyanuret  unites  with  the  hydrogen 
either  of  water  or  muriatic  acid,  forming  hydrocyanic  acid  ; 
while  a  solution  (^corrosiTe  sublimate  remains  in  the  retort. 
The  vapour  of  hydrocyanic  acid,  as  it  rises,  is  mixed  with 
moisture  and  muriatic  add.  It  is  separated  from  the  latter 
by  bring  conducted  through  a  narrow  tube  over  fragments  of 
marble,  with  the  lime  of  which  the  muriatic  arid  unites.  It 
is  next  dried  by  means  of  chloride  of  calriuro,  and  is  subse- 
quently collected  in  a  tube  surrounded  with  ice  or  snow. 

Vauqudin  proposes  the  following  process  as  affording  a 
more  abundant  product  than  the  preceding.  It  consists  in 
filling  a  narrow  tube,  placed  horizontally,  with  fragments  of 
bicyaauret  of  mercury,  and  causing  a  current  of  dry  sul- 
phuretted hydrog^i  gas  to  pass  slowly  along  it.  The  instant 
that  gas  comes  in  contact  with  the  cyanuret,  double  decompo- 
rition  ensnea,  and  hydrocyanic  acid  and  bisulphuret  of  mer- 
cury are  generated.    The  progress  of  the  sulphuretted  hydro- 
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duced  by  the  evaporation  of  one  portion  is  so  great  as  to 
freeze  the  remainder.  It  unites  with  water  and  alcohol  in 
every  proportion. 

Pure  hydrocyanic  acid  is  a  powerful  poison,  producing  in 
poisonous  doses  insensibility  and  convulsions,  which  are 
speedily  followed  by  death.  A  single  drop  of  it  placed  on 
the  tongue  of  a  dog  causes  death  in  the  course  of  a  very  few 
seconds ;  and  small  animals,  when  confined  in  its  vapour,  are 
rapidly  destroyed.  On  inspiring  the  vapour,  diluted  with 
atmospheric  air,  headach  and  giddiness  supervene ;  and  for 
this  reason  the  pure  acid  should  not  be  made  in  close  apart- 
ments during  warm  weather.  The  distilled  water  from  the 
leaves  of  the  Prunus  lauro-ctrasus  owes  its  poisonous  quality 
to  the  presence  of  this  acid.  Its  effects  are  best  counteracted 
by  divisible  stimulants,  and  of  such  remedies  solution  of 
ammonia  appears  to  be  the  most  beneficial.  The  aqueous  so- 
lution of  chlorine  may  be  used  as  an  antidote,  which  decom- 
poses prussic  acid  instantly,  with  formation  of  muriatic  acid. 
In  some  experiments  recently  described  by  MM.  Persoz  and 
Nonat,  symptoms  of  poisoning,  induced  by  prussic  acid  ap- 
plied to  the  globe  of  the  eye,  ceased  on  the  internal  adminis- 
tration of  chlorine.  It  would  hence  appear,  that  both  sub- 
stances were  absorbed  into  the  circulating  fluids,  and  there 
reacted  on  each  other.     (An.  de  Ch.  et  de  Ph.  xliii.  324.) 

Pure  hydrocyanic  acid,  even  when  excluded  fit>m  air  and 
moisture,  is  very  liable  to  spontaneous  changes,  owing  to  the 
tendency  of  its  elements  to  form  new  combinations.  These 
changes  sometimes  commence  within  an  hour  after  the  acid  is 
made,  and  it  can  rardy  be  preserved  for  more  than  two 
weeks.  The  commencement  of  decomposition  is  marked  by 
the  liquid  acquiring  a  reddish-brown  tinge.  The  colour  then 
gradually  deepens,  a  matter  like  charcoal  subsides,  and  am- 
monia is  generated.  On  analyzing  the  black  matter,  it  was 
found  by  Gay-Lussac  to  contain  carbon  and  nitrogen  :  M*  P. 
Boullay  considers  it  to  be  a  peculiar  acid,  composed  of  car- 
bon, nitrogen,  and  hydrogen,  very  analogous  to  ulmic  acid, 
and  for  which  he  proposes  the  name  of  axulmic  acid:  but 
further  observation  is  desirable  before  this  view  can  be  relied 
on.  Prussic  acid  may  be  preserved  for  a  longer  period  if 
diluted  with  water,  but  even  then  it  undergoes  gradual  de- 
composition. 
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HydTDcyanic  acid  reddens  litmus  paper  feebly,  and  unites 
with  most  alkaline  bases,  forming  salts  which  are  termed 
pruuiatet  or  hydroofonates.  It  is  a  weak  acid  ;  for  it  does 
not  decompose  the  carbonates,  and  no  quantity  of  it  can 
destroy  tbe  alkaline  reaction  of  potash.  Its  raits  are  ptHson. 
ous;  they  are  all  decomposed  by  carbonic  acid,  and  have  the 
odour  of  hydrocyanic  acid,  a  character  by  which  the  hydro- 
cyonates  may  easily  be  recognised. 

Hydrocyanic  acid  is  resolved  by  galvanism  into  hydrogen 
and  cyanogen,  the  former  of  which  appears  at  the  negative 
and  the  latter  at  the  positive  pole.  When  its  vapour  u  con- 
ducted through  a  red-hot  porcelain  tube,  partial  decomposi- 
tion ensues.  Charcoal  is  deposited,  and  nitrogen,  hydrogen, 
and  cyant^en  gases  are  set  at  liberty ;  but  the  greater  part  of 
the  acid  passes  over  unchanged.  Electricity  produces  a  simi- 
lar  effect.  The  vapour  of  hydrocyanic  acid  takes  fire  on  the 
approach  of  flame;  and  with  oxygen  gas  it  forms  a  mixture 
which  detonates  with  the  electric  spark.  The  products  of 
the  combustion  ore  nitrogen,  water,  and  carbonic  acid.  ' 

Tbe  composition  of  hydrocyanic  acid  is  shown  by  the  foU 
bwing  simple  but  decisive  experiment  of  Gay-Lussac.  If  a 
quantity  of  potassium,  precisely  sufficient  for  absorbing  50 
measures  of  pure  cyanogen  gas,  is  heated  in  100  measures  of 
hydrocyanic  add  vapour,  cyanuret  of  potassium  is  gene- 
rated, diminution  of  50  measures  takes  place,  and  the  residue 
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From  the  powerful  action  of  hydrocyanic  add  on  the  ani- 
mal economy^  this  substance,  in  a  diluted  form,  is  sometimea 
employed  in  medical  practice  to  diminish  pain  and  nerroua 
irritability.  It  may  be  procured  of  any  given  strength  by 
dis8<dving  bl-cyanuret  of  mercury  in  water^  and  transmitting 
a  current  of  sulphuretted  hydrogen  gas  through  the  aolutka 
till  the  whole  of  the  bi-cyanuret  is  decomposed.  The  decom- 
position is  known  to  be  complete  by  the  filtered  liquid  re- 
maining colourless  and  transparent  when  mixed  with  a  solu- 
tion of  sulphuretted  hydrogen ;  for  should  any  undeoompofled 
bicyanuret  of  mercury  be  present,  a  black  precipitate,  bi- 
sulphuret  of  mercury,  will  be  formed.  This  test  of  the  com- 
plete decomposition  of  the  bi-cyanuret  of  mercury  should 
never  be  neglected.  The  excess  of  sulphuretted  hydrogen  is 
removed  by  agitation  with  carbonate  of  lead,  and  the  hydro- 
cyanic add  is  then  separated  from  the  insoluble  mattors  by 
filtration.  The  process  adopted  at  Apothecaries^  Hall,  Lon- 
don, is  to  mix  in  a  retort  one  part  of  bi-cyanuret  of  mercury, 
one  part  of  muriatic  add  of  specific  gravity  1*15,  and  six 
parts  of  water ;  and  to  distil  the  mixture  until  a  quantity  of 
add,  equal  to  that  of  the  water  employed,  is  collected.  The 
product  has  a  density  of  0*995.  (Brande^s  Manual  of  Che- 
mistry.) In  this  process  a  little  muriatic  add  is  apt  to  pass 
over  into  the  redpient,  and  render  the  product  impure.  Its 
presence,  in  a  medical  point  of  view,  cannot  be  very  material; 
but  it  may  be  separated  by  mixing  the  impure  add  with  a 
little  chalk,  and  distilling  to  dryness.  The  muriatic  acid 
unites  with  lime,  and  is  retained  in  the  retort,  where  it 
may  be  detected  by  its  appropriate  tests.  Muriatic  when 
mixed  with  hydrocyanic  acid  cannot  be  detected  by  nitrate  of 
silver ;  because  cyanuret  of  silver  is  very  similar  to  the  chlo- 
ride both  in  its  appearance,  and  in  several  of  its  leading  pro- 
perties. The  cyanuret,  however,  is  soluble  in  hot  nitric  add, 
and  yields  cyanogen  gas,  when  heated  to  low  redness,  by  which 
characters  it  may  be  distinguished  from  chloride  of  silver. 

The  quality  of  dilute  hydrocyanic  add,  however  prepared, 
is  very  variable,  owing  to  the  volatility  of  the  add,  and  its 
tendency  to  spontaneous  decomposition.  On  this  account,  it 
should  be  made  only  in  small  quantities  at  a  time,  kept  in 
wdl-stopped  bottles,  and  excluded  from  light  One  of  the 
best  modes  of  estimating  the  strength  of  any  solution,  as  Or- 
fila  suggests,  is  by  predpitation  with  nitrate  of  silver.    The 
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cyinuret,  after  being  wuhed  and  moderately  dried,  consists  of 
lOe  parts  of  silrer  and  96  of  cyanogen,  being  an  equivalent  of 
each ;  and  therefore  100  parts  of  the  dry  cyanuret  corre- 
spond to  21 '7  of  real  pmssic  add. 

M.  Peloaze  has  noticed  that  when  strong  pruaric  and  mo- 
riatic  adds  are  mixed  together,  the  whole  shortly  becomes 
a  soHd  saline  mass,  from  which  a  gentle  heat  expels  formic 
acid,  while  muriate  of  ammonia  remains  behind.  The  prna- 
nc  add,  by  the  aid  of  wato-,  is  thus  entirdy  renired  into, 
ammonia  and  formic  add ;  and  the  muriatic  add  appears  to 
determine  the  change  by  its  affinity  for  ammonia.  It  is  easy 
to  percdve  that  oae  equivalent  of  prussic  add  and  3  equiva. 
lents  of  water  predsely  contain  the  elements  for  produdng 
1  equivalent  of  ammonia  and  1  equivalent  of  formic  add ; 
and  the  diemical  student  will  find  it  instructive  practice  to 
study  the  change  by  help  of  a  simple  algebraic  formula, 
representiog  eadi  element  by  the  first  letter  of  its  name. 
Thus  we  have 

1  eq.  Pmuic  Add ;  3  eq.  Witar.  \,  1  eq.  ArudodU  ;  1  eq.  Formic  Acid. 
(N  +  2C)  +H;  3(0+H).  |'N+3H;2(C+0)  +  (0  +  H). 

Simple  inspection  shows  that  the  new  compounds  contain 
the  very  same  dements  as  those  from  which  they  were  pro- 
duced. The  +  aigns  of  the  formula  indicate  combination ; 
the  numbers  ex{ness  the  number  of  equivalents,  either  of  an 
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The  presence  of  free  hydrocyanic  acid  is  easily  recognized 
by  its  odour.  Chemically  it  may  be  detected  by  agitating 
the  fluid  supposed  to  contain  it  with  oxide  of  mercury  in  fine 
powder.  Double  decomposition  ensues,  by  which  water  and 
bicyanuret  of  mercury  are  generated ;  and  on  evaporating  the 
solution  slowly,  the  latter  is  obtained  in  the  form  of  crystals. 

A  test  of  far  greater  delicacy,  originally,  noticed  by  Scheele, 
is  the  following.  To  the  liquid  supposed  to  contain  hydro- 
-cyanic  acid,  add  a  solution  of  green  vitriol,  throw  down  the 
protoxide  of  iron  by  a  slight  excess  of  pure  potash,  and  after 
exposure  to  the  air  for  four  or  five  minutes,  acidulate  with 
muriatic  or  sulphuric  acid,  so  as  to  redissolve  the  precipitate. 
Prussian  blue  will  then  make  its  appearance,  if  prussic  acid 
had  been  originally  present.  The  nature  of  the  chemical 
change  will  be  explained  in  the  section  on  the  salts  of  »ferro- 
cyanic  acid,  when  describing  the  manufacture  of  Prussian 
blue^^  M.  Lassaigne,  who  has  written  an  essay  on  the  tests 
of  this  acid,  (An.  de  Ch.  et  Ph.  xxvii.  200,)  speaks  of  the 
/>€r-sulphate  as  the  proper  re-agent  for  this  experiment ;  but 
according  to  my  observation,  the  presence  of  the  protoxide  is 
essential  to  its  success.  If  the  iron  is  strictly  at  its  maximum 
of  oxidation,  Prussian  blue  will  not  be  formed  at  all,  as  was 
proved  long  ago  1^  Scheele  and  Proust. 

As  hydrocyanic  acid  is  sometimes  administered  with  cri- 
minal designs,  the  chemist  may  be  called  on  to  search  for  its 
presence  in  the  stomach  after  death.  This  subject  has  been 
investigated  experimentally  by  MM.  Leuret  and  Lassaigne, 
and  the  process  they  have  recommended  is  the  following. 
The  stomach  or  other  substances  to  be  examined  are  cut  into 
small  fragments,  and  introduced  into  a  retort  along  with 
water ;  the  mixture  being  slightly  acidulated  with  sulphuric 
acid.  The  distillation  is  then  conducted  at  a  temperature  of 
212°  F.,  the  volatile  products  are  collected  in  a  receiver  sur- 
rounded with  ice,  and  the  presence  of  hydrocyanic  acid  in  the 
distilled  matter  is  tested  by  the  method  above  mentioned. 
These  gentlemen  found  that  prussic  acid  may  be  thus  detected 
two  or  three  days  after  death,  but  not  after  a  longer  period. 
In  the  case  of  a  young  man  poisoned  last  winter  by  a  strong 
dose  of  prussic  acid,  I  detected  the  poison  four  days  after 
death ;  but  the  quantity  obtained  was  very  minute,  though 
the  odour  of  prussic  acid  emitted  by  the  contents  of  the 
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-stcmach  was  considerable.  The  disappearuice  of  the  acid 
appears  owing  partly  to  its  volatility,  and  partly  to  the  faci- 
lity with  which  it  undergoes  spontaneous  decomposition. 
(Joumid  de  Ctnmie  Medicale,  &c.  ii.  p.  361.) 

CYANIC   ACID. 

The  compound  described  under  this  title  in  the  last  edition 
of  these  Elements,  has  been  sliown  by  Wohler  and  Liebig  to 
cotuaet  essentially  of  hydrogen  as  well  as  oxygen  and  cyano- 
gen, and  therefore  its  first  name  of  cyauic  acid  ceases  to  be 
applicable.  The  term  cj/anuric  acid  has  been  substituted, 
under  which  name  it  will  shortly  be  described ;  and  the  ex- 
pression cyanic  acid  will  be  restored  to  the  two  isomeric  com- 
pounds which  formerly  possessed  it. 

Cyanic  acid  of  Wohler. — It  was  stated  by  Gay-Lussac  in 
the  essay  already  quoted,  that  cyanogen  gas  is  freely  absorb- 
ed by  pure  alkaline  solutions;  and  he  expressed  his  opinion 
that  the  alkali  oHnbines  directly  with  the  cyanogen.  It  ap- 
pears, however,  from  the  experiments  of  Wohler,  that  hydro- 
cyanic and  cyanic  acids  are  formed  under  these  circum- 
stances; and,  consequently,  that  alkaline  solutions  act  upon 
cyanogen  in  the  same  manner  as  on  chlorine,  iodine,  bromine, 
and  sulphur.  But  the  salts  of  cyanic  acid  cannot  conveni- 
ently be  procured  in  this  way,  owing  to  the  difBculty  of  sepa- 
rating the  cyanate  from  the  hydrocyanate  with  which  it  is 
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of  another  acid.     If  the  acid  is  diluted,  cyanic  acid  is  in. 
stantly  decomposed,  and  carbonic  acid  escapes  with  efferves- 
cence.    But,  on  the  contrary,  if  a  concentrated  acid  is  em- 
ployed, then  thecyanuric  acid  resists  decomposition  for  a  short 
time,  and   emits  a  strong  odour  of  vinegar.    Wbhler  and 
Liebig  have  succeeded  in  obtaining  it  in  a  very  concentrated 
and  pure  state  by  placing  cyanuric  acid,  previously  deprived 
of  its  water  of  crystallization  by  a  temperature  of  212°  F.,  in 
a  small  glass  retort,  and  applying  a  heat  gradually  increasing 
to  low  redness.     The  vapours  are  collected  in  a  receiver  sur- 
rounded by  a  freezing  mixture  of  salt  and  ice,  and  are  there- 
by condensed  into  a  limpid  colourless  liquid,  which  was  at 
first  supposed  to  be  anhydrous  cyanic  acid,  but  which  turns 
out  to  be  cyanic  acid  with  one  equivalent  of  water.     This 
liquid  has  a  penetrating  odour  similar  to  the  strongest  acetic 
acid,  is  extremely  pungent,  produces  a  flow  of  tears,  and 
when  applied  in  minute  quantity  to  the  skin  instantly  causes 
a  white  vesicle  to  be  formed,  attended  with  severe  pain.     It 
is  very  volatile,  giving  off  a  vapour  which  is  inflammable,  and 
has  a  strong  acid  reaction.     When  this  vapour  is  conducted 
into  ice^^^ld  water,  it  is  freely  dissolved  without  decompo- 
sition ;  but  as  soon  as  the  temperature  rises  a  little,  carbonic 
acid  escapes  with  effervescence,  and  the  acid  is  entirely  de- 
stroyed.    When  the  pure  hydrous  add,  removed  from  the 
freezing  mixture,  has  acquired  the  temperature  of  the  air,  it 
speedily  begins  to  grow  turbid,  its  temperature  rises,  and  the 
liquid  enters  into  violent  ebullition  from  the  heat  vaporizing 
the  acid.      During  this  action  no  gas  whatever  is  evolved ; 
but  a  white  insoluble  substance  is  rapidly  produced,  and  in 
the  course  of  a  few  minutes  the  whole  liquid  add  entirely 
disappears,  and  a  dry  compact  matter  of  brilliant  whiteness 
occupies  its  place.     This  solid  will  hereafter  be  alluded  to 
under  the  name  of  insohble  cyanuric  acid,  when  it  will  be 
found  to  contain  precisely  the  same  elements  as  the  hydrous 
cyanic  acid. 

It  has  been  fully  established,  first  by  Wohler  himself  and 
subsequently  by  Liebig,  that  cyanic  acid  is  composed  of  26 
parts  or  one  equivalent  of  cyanogen,  and  eight  parts  or  one 
equivalent  of  oxygen  ;  and  the  sum  of  these  numbers,  or  34, 
is  an  equivalent  of  the  acid,  being  the  ratio  in  which  it  com-> 
bines  with  alkalies.     (An.  de  Ch.  et  Ph.  xx.  and  xxvii.>    We 
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may  denote  the  o»istitution  of  cyanic  acid  by  a  formula 
mtnilar  to  that  used  on  a  former  occasion,  (page  399i)  by 
which  means  its  elements  and  their  presumed  mode  of 
combination  are  clearly  displayed.  Thus,  (N  +2C)  +0 
represents  cyanic  acid ;  and  the  hydrous  acid  is  expressed  by 
(N  +  2  C)  +  0  +  (O  +  H),  the  dash  being  used  for  con- 
venience instead  of  a  second  bracket,  and  implies  that  the 
cyanogen  and  oxygen  are  supposed  to  be  combined  together, 
and  to  unite  tn  that  8tat«  with  the  water.  It  will  now  be  un- 
derstood why  a  solution  of  cyanic  acid  in  water  is  readily 
convertible  into  bicarbonate  of  ammonia ;  for  1  equivalent  of 
cyanic  acid  with  3  equivalents  of  water  contaio  exactly  the 
same  elements  as  1  equivalent  of  bicarbonate  of  ammonia,  as 
will  appear  by  the  annexed  formulae : — 

1  eq.  cyanic  scid ;  3  eq.  •rater ;  S  eq.  carbooic  acid  ;  1  aq.  ammonia. 
(N+2C)+0j  3(0+H);|  2(C  +  2  0);  N+3H. 
A  great  part  of  the  carbonic  acid  is  disengaged  in  a  free  stale, 
because  the  bicarixmate  formed  by  one  portion  of  cyanic  acid 
is  decomposed  by  another,  so  that  cyanate  of  ammonia  (urea) 
is  instantly  generated,  and  remains  in  solution.  It  is  also 
obvious  that  hydrous  cyanic  add,  when  alone,  cannot  undergo 
the  same  change  as  its  aqueous  solution. 

Cyanic  add  fimns  a  soluble  salt  with  baryta,  but  insoluble 
ones  with  oxide  of  lead,  mercury,  and  silver.     A  pure  solu- 
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The  possibility  of  such  a  change  is  readily  understood  by 
comparing  the  composition  of  urea,  and  that  of  cyanate  of 
ammonia  with  one  equivalent  of  water. — ^Thus 

Cyanic  acid  .  34  .  1  eq.  (N  +2  C)  +0. 
Ammonia  .  •  17  .  1  eq.     -     .    .      N-|-3  H. 
Water   .     .  .    9 .  1  eq.     .     .    .       0+H. 

60 

60 

The  hydrated  neutral  cyanate  of  ammonia  has  exactly  the 
same  ingredients  and  the  same  equivalent  as  urea;  and  when- 
ever the  elements  for  producing  the  former  come  into  contact, 
they  invariably  constitute  the  latter.  This  production  of 
urea  ensues  so  readily,  that  mere  exposure  of  the  dry  di- 
cyanate  to  the  air,  or  the  spontaneous  evaporation  of  its 
aqueous  solution,  suffices  for  the  change.  These  phenomena 
illustrate  in  a  most  instructive  manner  the  subject  of  isomer- 
ism, and  prove  how  possible  it  may  be,  by  a  difference  in 
arrangement,  to  produce  two  different  compounds  with  the 
same  materials.     (An.  de  Ch.  et  Ph.  xlvi.  25.) 

The  existence  of  cyanic  acid  was  suspected  by  Vauquelin 
before  it  was  actually  discovered  by  Wohler.  The  experi* 
ments  of  the  former  chemist  led  him  to  the  opinion  that  a 
solution  of  cyanogen  in  water  is  gradually  converted  into 
hydrocyanic,  cyanic,  and  carbonic  acids,  and  ammonia ;  and 
he  supposed  alkalies  to  produce  a  similar  change.  He  did 
not  establish  the  fact,  however,  in  a  satisfactory  manner. 
(An.  de  Ch.  et  de  Ph.  vol.  ix.) 

Cyanic  acid  of  Liebig. — A  powerfully  detonating  com- 
pound of  mercury  was  described  in  the  Philosophical  Trans- 
actions for  1800  by  Mr.  E.  Howard.  It  is  prepared  by  dis- 
solving 100  grains  of  mercury  in  a  measured  ounce  and  a 
half  of  nitric  acid  of  specific  gravity  1*3;  and  adding,  when 
the  solution  has  become  cold,  two  ounces  by  measure  of 
alcohol,  the  density  of  which  is  0'849.  The  mixture  is  then 
heated  till  moderately  brisk  effervescence  takes  place,  during 
which  the  fulminating  compound  is  generated.  A  similar 
substance  may  be  made  by  treating  silver  in  the  same  man- 
ner. The  conditions  necessary  for  forming  these  compounds 
are,  that  the  silver  or  mercury  be  dissolved  in  a  fluid  which 


COMPOUNDS   OF    NITROGEN    AND   CARBON.  405 

contains  so  much  free  nitric  acid  and  alcohol,  that  on   the 
application  of  heat  nitric  ether  shall  be  freely  disengaged. 

Fulminating  silver  and  mercury  bear  the  heat  of  212°  or 
even  260°  F.  without  detonating ;  but  a  higher  temperature  or 
slight  percussion  between  two  hard  bodies,  causes  them  to  ex- 
plode with  violence.  The  nature  of  these  compounds  was 
discovered  in  1823  by  Liehig*,  who  demonstrated  that  they 
are  salts  composed  of  a  peculiar  acid,  which  he  termed  ^uf- 
minic  acid,  in  combination  with  oxide  of  mercury  or  silver. 
According  to  an  analysis  of  fulminating  silver  made  by  Lie- 
big  and  Gay-Lusaacf*,  the  acid  of  the  salt  is  composed  of  26 
parts  or  one  equivalent  of  cyanogen,  and  8  parts  or  one 
equivalent  of  oxygen.  It  is  hence  inferred  to  be  a  real 
cyanic  acid,  identical  in  composition  with  the  cyanic  acid  of 
Wiihler,  though  essentially  different  in  its  properties;  but 
some  doubt  has  been  thrown  on  the  accuracy  of  this  view  by 
the  researches  of  Mr.  Edmund  Davy  read  before  the  Royal 
Society  of  Dublin.  I  have  not  been  so  fortunate  as  to  see  the 
original  essay,  my  sole  information  being  derived  from  the  re- 
marks  of  Dr.  Thomson  in  theTlheditionof  his  System  of  Che- 
mistry. Agreeably  to  the  experiments  of  Mr.  Davy,  f ulminic 
acid  consists  of  2  eq.  of  carbon,  1  j  eq.  of  nitrogen,  1  eq.  of 
oxygen,  and  1  eq.  of  hydrogen,  a  composition  very  different 
from  that  assigned  by  Liebig  and  Gay-Lussac.  Under  such 
circumstances  a  fresh  appeal  to  experiment  becomes  neces- 
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one  of  oxide  of  silver,  and  one  equivalent  of  potash.  Similar 
compounds  may  be  procured  by  substituting  other  alkaline 
substances,  such  as  baryta,  lime,  or  magnesia,  for  the  potash. 
These  double  fulminates  are  capable  of  crystallizing;  and 
they  all  possess  detonating  properties. 

From  the  presence  of  oxide  of  silver  in  the  double  fulmi- 
nates, it  was  at  first  imagined  that  this  oxide  actually  consti- 
tutes a  part  of  the  acid ;  but  since  several  other  substances, 
such  as  oxide  of  mercury,  zinc,  and  copper,  may  be  substi- 
tuted for  that  of  silver,  this  view  can  no  longer  be  admitted. 

We  are  indebted  to  Mr.  Davy  for  a  method  of  obtaining 
fulminic  acid  in  a  separate  state.  Into  a  bottle  with  a  ground 
stopper  are  inserted  one  part  of  fulminating  mercury,  two 
parts  of  clean  zinc  filings,  and  about  18  parts  of  water ;  and 
the  materials,  kept  at  a  temperature  of  80P  F.,  are  occasion- 
ally agitated  in  order  that  metallic  mercury  should  be  thrown 
down  and  fulminate  of  zinc  be  generated.  This  sulphate  is 
then  decomposed  by  a  solution  of  pure  baryta,  and  the  re- 
suiting  fulminate  of  baryta  precipitated  by  a  quantity  of 
dilute  sulphuric  acid  just  sufficient  to  neutralize  the  baryta. 
The  fulminic  acid  thus  obtained  is  a  colourless,  transparent 
liquid,  of  a  pungent  odour,  somewhat  like  strong  prussic  acid, 
and  has  a  sweet  taste  followed  by  a  particular  astringency 
and  disagreeable  impression  on  the  palate.  It  is  volatile, 
poisonous  to  animals,  and  has  an  add  reaction.  After  a  few 
hours  it  acquires  a  yellow  tint,  and  undergoes  partial  decom- 
position;  but  the  nature  of  the  change,  and  the  effects  of  heat 
and  chemical  agents  in  general  on  fulminic  acid,  are  not  yet 
understood. 

CYANURIC   ACID. 

This  compound  was  originally  prepared  by  gently  boiling 
the  so-called  bi-chloride  of  cyanogen  in  water.  On  the  suppo- 
sition of  its  discoverer  Serullas,  that  it  consists  solely  of  cya- 
nogen and  oxygen,  and  that  his  bi-chloride  of  cyanogen  has 
the  composition  implied  by  its  name,  the  origin  of  cyanuric 
acid  would  be  referable  to  the  mutual  decomposition  of  water 
and  the  bi-chloride;  but  since  Wohler  and  liebig  have 
proved  cyanuric  acid  to  contain  hydrogen  as  well  as  oxygen 
and  cyanogen,  its  production  by  this  method  ceases  to  be  in- 
telligible, and  there  is  consequently  a  well-grounded  suspicion 
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(tf  the  bi-chloride  of  cyano^n  haviog  a  different  constitutioD 
from  that  stated  by  Serullas.  (An.  de  Ch.  et  Ph.  xxxviii. 
379i  ■'■d  xlvi.  26.)  Hovever  this  may  be,  the  precediag 
process  gives  rise  to  cyuiuric  and  muriatic  acids ;  and  oa 
evaporating  the  solution  the  latter  is  expelled  in  vapour,  and 
the  former  deposited  on  cooliDg  in  oblique  rhoniboidal  prisms. 
The  crystals  are  further  purified  by  a  second  solution  and 
evaporation. 

As  thus  obtained,  cyanuric  acid  is  chemically  united  vith 
two  equivalents  of  water.  The  recent  crystals  are  colourless 
and  transparent,  but  become  opaque  by  exposure  to  the  air, 
and  if  heated  to  212°,  their  water  of  crystallization  is  wholly 
expelled.  In  cold  water  they  are  very  sparingly  soluble; 
but  they  are  dissolved  by  this  menstruum,  as  also  by  sulphu- 
ric, nitnc,  and  muriatic  add,  with  the  aid  of  heat.  They 
have  little  taste,  redden  litmus  paper,  and  are  rather  lighter 
than  sulphuric  add.  One  of  the  most  remarkable  characters 
of  the  add  is  its  permanence.  For  instance,  it  may  be  boiled 
in  strong  nitric  or  sulphuric  add  without  decomposition  ;  and 
by  evaporating  its  solution  in  the  former,  it  is  obtained  in  a 
very  white  and  pure  state.  It  is  volatile  at  a  lower  tempera- 
ture than  boiling  mercury,  and  condenses,  unchanged,  in  the 
form  of  adcular  crystals.  When  heated  with  potassium,  it 
is  decomposed,   yielding  potash  and  cyanide  of  potassium. 
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add  in  dry  chlorine  gas  a  large  quantity  of  cyanic  and  mu- 
riatic acids  is  generated.  He  adds,  further,  that  cyanate  of 
potash,  when  heated  in  strong  acetic  add,  is  converted  into 
cyanurate  of  potash.  (An.  de  Ch.  et  de  Ph.  xlL  225,  and 
xliii.  64.) 

Cyanuric  add  may  also  be  obtained  from  urea,  a  mode  of 
preparation  which  has  lately  been  illustrated  by  the  joint 
labours  of  Wiihler  and  liebig.  When  pure  urea  is  put  into 
a  retort,  and  heated  by  a  gradually  increasing  temperature  to 
about  600^  F.,  it  is  entirely  resolved  into  ammonia  and  anhy- 
drous  cyanuric  add,  the  former  of  which  escapes,  while  the 
latter,  if  the  heat  be  carefully  managed,  is  left  entirely  in  the 
retort.  In  order  to  separate  some  ammonia  which  is  already 
retained,  it  is  dissolved  in  hot  concentrated  sulphuric  add, 
and  nitric  add  is  added  drop  by  drop  until  it  occasions  no 
further  eflfervescenoe,  and  the  solution  becomes  colourless. 
After  cooling  it  is  mixed  with  cold  water,  which  throws  down 
the  cyanuric  add  in  the  form  of  a  crystalline  powder  of  hrit- 
liant  whiteness.  It  may  also  be  |>urified  by  transmitting  a 
current  of  chlorine  through  water  in  which  the  impure  add 
is  suspended.  Very  large  crystals  may  be  obtained  by  form- 
ing a  saturated  solution  of  the  pure  add  in  boiling  water, 
evaporatiog  it  to  one  half  of  its  volume  on  a  8and4Mith 
heated  to  about  150^  F.,  and  allowing  it  to  cool  gradually  on 
the  sand-bath  itself. 

The  analysis  of  cyanuric  add  by  Wohler  and  Uebig  ac- 
counts in  an  elegant  manner  for  its  production  from  urea. 
They  have  established  the  singular  fact  that  cyanuric  add 
contains  the  same  elements,  in  the  very  same  proportion,  as 
hydrous  cyanic  add.  Hence  the  formulae  of  page  404,  con- 
necting the  composition  of  urea  and  hydrous  cyanic  add,  will 
also  serve  to  compare  the  constitution  of  urea  and  cyanuric 
add :  the  elements  of  urea  may  be  disposed  into  such  <wder 
as  to  constitute  dther  hydrated  cyanate,  or  anhydrous  cyano- 
rate,  of  ammonia,  though  in  reality  they  have,  doubtless,  a 
very  different  arrangement.  It  is  quite  intdligible,  there- 
fore, that  pure  dry  urea  at  a  decomposing  temperature  may 
be  resolved  into  cyanuric  add  and  ammonia.  The  atomic 
arrangement  by  which  anhydrous  cyanuric  and  hydrous  cyanic 
acids  are  distinguished,  is  to  a  certain  extent  intdligible. 
The  formula  of  the  latter  obviously  is  (N-H2C)  +  0+ (O  -f  H), 
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the  water  indicated  by  the  last  bracket  existing  as  such  in  the 
ccHnpound,  and  being  separated  when  cyanic  acid  unites  with 
an  alkaline  base ;  whereas  in  cyanuric  acid,  those  elements 
which  in  cyanic  acid  exist  as  watier,  constitute  an  essential 
part  of  the  acid  itself,  and  as  such  are  traceable  in  its  various 
combinations.  Moreover,  the  equivalent  of  cyanuric  is  not 
the  same  as  that  of  hydrous  cyanic  acid.  Wohler  and  Liebig 
found  that  cyanurate  of  silver,  formed  by  mixing  cyanurate 
of  ammonia  with  nitrate  of  silver,  consiiits  of  116  parts  or  1 
eq.  of  oxide  of  silver,  and  64*5  parts,  or  what  must  be  re- 
garded as  an  equivalent,  of  cyanuric  acid.  Hence  its  formula 
is  not  (N+3C)  +  20+H,  which  would  give  43  as  an  equi- 
valent of  the  acid,but  li(N+2C)+30  +  liH,  orhalfaa 
much  again  of  each  ingredient.  These  elements  arranged 
thus,  li  (N+2C)+liO+14  (0+H),  give  the  formula 
of  hydrous  cyanic  acid ;  by  which  it  is  obvious  that  1  eq.  of 
cyanuric  corresponds  to  1^  eq.  of  hydrous  cyanic  add.  (An. 
de  Cb.  et  Ph.  xlvi.  26.) 

Another  interesting  compound  described  in  the  important 
essay  of  Wohler  and  Liebig,  is  that  which  they  have  termed 
itualubte  cyanuric  acid,  a  compound  entirely  different  in  its 
chemical  properties  from  the  preceding  soluble  acid,  and  yet 
identical  with  it  in  the  nature  and  ratio  of  its  elements,  and 
in  having  the  same  equivalent.     This  is  the  substance  already 
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its  containing  prussic  acid  and  oxygen ;  and  it  was  afterwards 
described  by  Gay-Lussac,  in  bis  essay  on  cyanogen,  under  the 
appeUation  of  chloro^yanic  acid.  It  was  procured  by  this 
chemist  by  transmitting  chlorine  gas  into  an  aqueous  solution 
of  hydrocyanic  acid  until  the  liquid  acquired  bleaching  pro- 
perties, removing  the  excess  of  chlorine  by  agitation  with 
mercury,  and  then  heating  the  mixture,  so  as  to  expel  the 
gaseous  chloride  of  cyanogen.  The  chemical  changes  which 
take  place  during  this  process  are  complicated.  At  first  the 
elements  of  hydrocyanic  add  unite  with  separate  portions  of 
chlorine,  and  give  rise  to  muriatic  add  and  chloride  of  cyano^ 
gen ;  and  when  heat  is  applied,  the  dements  of  the  chloride 
and  water  react  on  each  other,  in  consequence  of  which 
muriatic  add,  ammonia,  and  carbonic  acid  arc  generated* 
Owing  to  this  circumstance  the  chloride  of  cyanogen  was 
always  mixed  with  carbonic  add,  and  its  properties  imper- 
fectly understood. 

During  the  year  1829  M.  Serullas  succeeded  in  pro- 
curing this  compound  in  a  pure  state,  by  exposing  bicya- 
nuret  of  mercury,  in  powder  and  moistened  with  water,  to 
the  action  of  chlorine  gas  contained  in  a  well-stopped  phial. 
The  vessel  is  kept  in  a  dark  place ;  and  after  ten  or  twelve 
hours  the  colour  of  the  chlorine  is  no  longer  perceptible, 
bichloride  of  mercury  is  found  at  the  bottom  of  the  phial, 
and  its  space  is  filled  with  the  vapour  of  chloride  of  cyanogen. 
The  bottle  is  then  cooled  down  to  zero  by  freezing  mixtures 
of  snow  and  salt,  at  which  temperature  chloride  of  cyanogen 
is  solid.  Some  chloride  of  caldum  is  then  introduced,  the 
stopper  replaced,  and  the  bottle  kept  in  a  moderately  warm 
situation,  in  order  that  the  moisture  within  may  be  com- 
pletely absorbed.  The  chloride  of  cyanogen  is  then  again 
solidified  by  cold,  the  phial  completely  filled  with  dry  and 
cold  mercury,  and  a  bent  tube  adapted  to  its  aperture  by 
means  of  a  cork.  The  solid  chloride,  which  remains  adhering 
to  the  inner  surface  of  the  phial,  is  converted  into  gas  by 
gentle  heat,  and,  passing  along  the  tube,  is  collected  over 
mercury.  Exposure  to  the  direct  solar  rays  interferes  with 
the  success  of  this  process:  muriate  of  ammonia,  together 
with  a  little  carbonic  add,  is  then  generated,  and  a  yellow 
liquid  collects,  which  appears  to  be  a  mixture  of  chloride  of 
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cubon  And  olilaiKle  of  nitrogen.— An.  de  Cb.  et  Pb.  xxxt. 
391.) 

Chloride  of  cyanogen  u  lolid  at  zero  of  Fahrenhrit'B  ther- 
mometer, and  in  congealing  crystallizes  in  very  long  slender 
needles.  At  temperatures  between  5°  F.  and  105°  it  is 
liquid,  and  also  at  68°  under  a  pressure  of  four  atmospheres ; 
but  at  the  common  pressuK,  and  when  the  thermometer  is 
above  10'S°  or  11°  F.  it  is  a  colourlesB  gas.  In  the  liquid 
stale  it  is  afi  limfHd  and  colourless  as  water.  It  has  a  very 
offendve  odour,  irritates  the  eyes,  is  corrosive  to  the  skin, 
and  highly  injurious  to  animal  life. 

Chloride  of  cyanogen  is  very  soluble  in  water  and  alcohol. 
The  former  under  the  common  pressure,  and  at  68°  F.,  dis- 
solves twenty-five  times  its  volume.  Alcohol  takes  up  100 
times  its  volume,  and  the  absorption  is  effected  almost  with 
the  same  velocity  as  that  of  ammoniacal  gas  by  water.  These 
solutions  are  quite  neutral  with  respect  to  litmus  and  turmeric 
paper,  and  may  be  kept  without  apparent  change.  The  gas 
may  even  be  separated  without  decomposition  by  boiling. 
The  chloride  of  cyanc^^,  accordingly,  does  not  possess  the 
characters  of  an  acid. 

The  changes  induced  by  the  action  of  alkalies  do  not  appear 
to  be  very  clearly  understood.  SeruUas  agrees  with  Gay- 
Lussac  in  stating,  that  if  to  a  solution  of  chloride  of  cyanogen 
a  pure  alkali  is  added,  and  then  an  acid,  effervescence  ensues 
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crystals.  At  284^  F.  it  fuses,  and  enters  into  ebullition  at 
374°.  Its  vapour  is  acrid  and  excites  a  flow  of  tears,  and  it 
is  very  destructive  to  animals.  Its  odour  somewhat  resem- 
bles that  of  chlorine,  and  is  very  similar  to  that  of  mice.  It 
is  very  soluble  in  alcohol  and  ether,  and  is  precipitated  horn 
them  by  water,  which  dissolves  it  in  small  quantity.  When 
boiled  in  water,  or  solution  of  potash,  it  is  converted  into 
muriatic  and  cyanuric  acids.  (An.  de  Gh.  et  Ph.  xxxviii. 
370.)  Recent  researches  throw  great  doubt  on  the  compo- 
sition of  this  substance  as  stated  by  SeruUas.     (Page  406.) 

IODIDE   OF   CYANOGEN. 

Iodide  of  Cyanogeuy  which  was  discovered  in  1824  by  Se- 
ruUas, (An.  de  Ch.  et  de  Ph.  vol.  xxvii.)  may  be  prepared 
by  the  following  process : — Two  parts  of  bi-cyanuret  of  mer- 
cury and  one  of  iodine  are  intimately  and  quickly  mixed  in  a 
glass  mortar,  and  the  mixture  is  introduced  into  a  phial  with 
a  wide  mouth.  On  applying  heat,  the  violet  vapours  of 
iodine  appear;  but  as  soon  as  the  bi-cyanuret  of  mercury 
begins  to  be  decomposed,  the  vapour  of  iodine  is  succeeded 
by  white  fumes,  which,  if  received  in  a  cool  glass  receiver, 
condense  upon  its  sides  into  flocks  like  cotton  wool.  The 
action  is  found  to  be  promoted  by  the  presence  of  a  little 
water. 

Iodide  of  cyanogen,  when  slowly  condensed,  occurs  in  very 
long  and  exceedingly  slender  needles,  of  a  white  colour.  It 
has  a  very  caustic  taste  and  penetrating  odour,  and  excites  a 
flow  of  tears.  It  sinks  rapidly  in  sulphuric  acid.  It  is  very 
volatile,  and  sustains  a  temperature  much  higher  than  212°  F. 
without  decomposition ;  but  it  is  decomposed  by  a  red  heat. 
It  dissolves  in  water  and  alcohol,  and  forms  solutions  which 
do  not  redden  litmus  paper.  Alkalies  act  upon  it  in  the  same 
manner  as  on  chloride  of  cyanogen,  a  compound  to  which  it 
is  very  analogous. 

Sulphurous  acid,  when  water  is  present,  has  a  very  pow- 
erful action  on  iodide  of  cyanogen.  On  adding  a  few  drops 
of  this  acid,  iodine  is  set  free,  and  hydrocyanic  add  pro- 
duced ;  but  when  more  of  the  sulphurous  acid  is  employed, 
the  iodine  disappears,  and  the  solution  is  found  to  contain 
hydriodic  acid.  These  changes  are  of  course  accompanied 
with  formation  of  sulphuric  acid,  and  decomposition  of  water. 
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Iodide  of  cyanogen  has  not  been  analyzed  with  accuracy ; 
but  SeruUas  inrers  from  an  approximative  analysie,  that  it 
is  comptMed  of  one  equivalent  of  iodine  and  one  of  cyanogen. 

BROMIDE   OF   CYANOGEN. 

This  substance  has  been  prepared  by  Liebig  by  a  process 
very  siintlar  to  that  described  for  procuring  iodide  of  cya- 
nogen. At  the  bottom  of  a  small  tubulated  retort,  or  a 
rather  long  tube,  is  placed  some  bi-cyanuret  of  mercury 
slightly  moistened,  and  after  cooling  the  apparatus  by  cold 
water,  or  still  better  by  a  ireezing  mixture,  a  precaution 
nhich  is  indispensable  in  summer,  half  its  weight  of  bromine 
is  introduced.  Strong  reaction  instantly  ensues,  and  caloric 
is  so  freely  evolved,  that  a  considerable  quantity  of  the  bro. 
mine  would  be  disupated,  unless  the  temperature  of  the  retort 
had  been  previously  reduced.  The  new  products  are  bro- 
mide of  mercury  and  bromide  of  cyanogen,  the  latter  of 
which  collects  in  the  upper  part  of  the  tube  in  (he  form  of 
long  needles.  After  allowing  any  vapour  of  bromine,  which 
may  have  risen  at  the  same  time,  to  condense  and  fall  back 
upon  the  bi~cyanuret  of  mercury,  the  bromide  of  cyanogen  is 
expelled  by  a  gentle  heat,  and  collected  in  a  recipient  care- 
fully cooled. 

As  thus  formed,  the  bromide  is  crystallized,  sometimes  in 
small  regular  colourless  and  transparent  cubes,  and  sometimes 
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danger  froqpi  this  cause,  together  with  a  deficient  supply  of 
bromine,  prevented  Serullas  from  continuing  the  investigation 
of  its  properties.     (Edin.  Journal  of  Science,  vii.  189.) 

FERROCYANIC    ACID. 

Ferrocyanic  add   has,  within  these  few  years,  been   the 
subject  of  able  researches  by  Mr.  Porrett,*  Berzelius,-f-  and 
M.  Robiquet^     Mr.  Porrett  recommends  two  methods  for 
obtaining  ferrocyanic  add,  by  one  of  which  it  is  procured 
in  crystals,  and  by  the  other  in  a  state  of  solution.     The 
first  process  consists  in  dissolving  58  grains  of  crystallized 
tartaric  acid  in  alcohol,  and  mixing  the  liquid  with  50  grains 
of  ferrocyanate  of  potash  dissolved  in  the  smallest  possible 
quantity  of  hot  water.    Bitartrate  of  potash  is  predpitated, 
and  the  clear  solution,  on  being  allowed  to  evaporate  spon- 
taneously, gradually  depodts  ferrocyanic  add  in  the  form  of 
small  cubic  crystals  of  a  yellow  colour.     In  the  second  pro- 
cess,  ferrocyanate  of  baryta,  dissolved  in  water,  is  mixed 
with  a  quantity  of  sulphuric  acid  predsely  suffident  for  com- 
bining with  the   baryta;    when   the  insoluble  sulphate  of 
baryta  subsides,  and  ferrocyanic  acid  remains  in  solution. 
According  to  Mr.  Porrett,  every  ten  grains  of  ferrocyanate 
of  baryta  require  so  much  liquid  sulphuric  add  as  is  equiva- 
lent to  2*53  grains  of  real  acid. 

Ferrocyanic  add  is  ndther  volatile  nor  poisonous  in  small 
quantities,  and  has  no  odour.  It  is  gradually  decomposed 
by  exposure  to  the  light,  forming  hydrocyanic  add  and 
Prussian  blue ;  but  it  is  far  less  liable  to  spontaneous  decom- 
podtion  than  hydrocyanic  add.  It  di£Pers  also  from  this  add 
in  possessing  the  properties  of  addity  in  a  much  greater 
degree.  Thus  it  reddens  litmus  paper  permanently,  neu- 
tralizes alkalies,  and  separates  the  carbonic  and  acetic  acids 
from  thdr  combinations.  It  even  decomposes  some  salts  of 
the  more  powerful  adds.  Peroxide  of  iron,  for  example, 
unites  with  ferrocyanic  in  preference  to  sulphuric  add,  unless 
the  latter  is  concentrated. 

Difierent  opinions  have  prevailed  as  to  the  nature  of  ferro- 
cyanic add.  Berzelius  maintains  that  it  is  a  super-hydro- 
cyanate  of  the  protoxide  of  iron ;  but  Robiquet  has  shown 

*  Philof.  Trans.  1814  and  1815.    Annals  of  Philosophy,  zW. 

f  Annates  de  Chimie  et  de  Phyiiquc,  vol.  zv.  |  Ibid.  irii. 


COMPOUKDS  OP  NITROGEN  AND  CARBON.  415 

by  arguments  which  appear  to  me  unanswerable,  that  this  aup- 
pontion  is  incondBtent  with  the  phenomena.  The  view  which 
is  now  conunonly  taken  of  the  composition  of  this  acid  was 
suggeeted  by  an  experiment  made  by  Mr.  Poirett.  On  ex- 
posing fen-ocyanate  of  soda  to  the  agracy  of  galvanism, 
the  Boda  was  observed  to  collect  at  the  negative  pole,  while 
oxide  of  iron,  together  with  the  elements  of  hydrocyanic  acid, 
appeared  at  the  opposite  end  of  the  battery.  From  this  he 
inferred,  that  the  iron  does  not  act  the  part  of  an  alkali  in  the 
salt,  for  on  that  supposition  it  should  have  accompanied  the 
soda,  but  that  it  enters  into  the  constitution  of  the  acid  itself. 
Mr.  Porrett  at  first  considered  the  iron  to  be  in  the  state  of 
an  oxide ;  but  he  concludes  from  subsequent  researches,  that 
ferrocyanic  acid  contains  no  oxygen,  and  that  its  sole  elements 
are  carbon,  hydrogen,  nitrogen,  and  metallic  iron.  To  the 
acid  thus  constituted,  he  pn^ses  the  name  oi  ferrurttted 
*chyazic  acid;  but  the  term  ferro-cyanic  acid  introduced  by 
the  French  chemiala  ia  more  generally  employed. 

This  view  has  the  merit  of  accounting  for  the  fact,  that 
iron,  though  contained  in  ferrocyanic  acid  and  all  its  salts, 
cannot  be  detected  in  them  by  the  usual  tests  of  iron.  Fot 
the  liquid  tests  are  fitted  only  for  detecting  oxide  of  iron  as 
existing  in  a  salt,  and  therefore  cannot  be  expected  to  indicate 
the  presence  of  metallic  iron  white  forming  one  of  the  ele- 
ments of  an  add.     We  may  now  also  understand  how  it  hap- 
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The  formula  for  the  last  arrangement,  denoting  iron  by  F., 
will  be  2(N+aC)  +  H  +  (N-h2C)  +  F. 

Ferrocyanic  acid  is,  therefore,  analogous  to  several  acids, 
such  as  the  muriatic,  hydriodic,  and  hydrosulphuric  adds,  all 
of  which  contain  hydrogen  as  an  essential  element,  and  which 
for  this  reason  are  termed  hydracids.  Under  this  point  of 
view,  ferrocyanic  acid  may  be  regarded  as  a  compound  of  a 
certain  radical  and  hydrogen.  This  radical,  which  has  not 
been  obtained  in  an  insulated  state,  is  composed  of 

Cyanogen         •        .«        3  equiv.  \  ( Cyanogen       .        .        2  eqni?. 

Iron         ...         1  equiv.  /     ®'  \  Cyanuret  of  Iron      .        1  equiv.; 

and  the  formula  for  these  is  8  (N+2C)-f  F.,  and  2(N+2  C) 
-f  (N-f-2C)  +  F.  The  acid  itself  consists  of  one  equivalent 
of  the  radical  and  two  of  hydrogen,  and  its  equivalent 
is  108. 

The  salts  of  ferrocyanic  acid  were  once  called  tripk  prus- 
states^  on  the  supposition  that  they  were  composed  of  prussic 
or  hydrocyanic  acid  in  combination  with  oxide  of  iron  and 
some  other  alkaline  base.  They  are  now  termed  ferra^ifa^ 
nates.  The  beautiful  dye,  Prussian  blue,  is  a  ferrocyanate  of 
the  peroxide  of  iron.  It  is  always  formed  when  ferrocyanic 
acid  or  its  salts  are  mixed  in  solution  with  a  per-salt  of  iron  ; 
and  for  this  reason  the  per  salts  of  iron,  provided  no  free 
alkali  is  present,  afford  a  certain  and  an  extremely  delicate 
test  of  the  presence  of  ferrocyanic  acid. 

SULPHOCYANIC    ACID. 

This  acid  was  discovered  in  the  year  1808  by  Mr.  Porrett, 
who  ascertained  that  it  is  a  compound  of  sulphur,  carbon, 
hydrogen,  and  nitrogen,  and  described  it  under  the  name  of 
sulphuretted  chyazic  acid.  It  is  now  more  commonly  called 
sulpho^yanic  acid,  and  its  salts  are  termed  sulpka^yanates. 

Sulphocyanic  acid  is  obtained  by  mixing  so  much  sulphuric 
acid  with  a  concentrated  solution  of  sulphocyanate  of  potash 
as  is  sufficient  to  neutralize  the  alkali,  and  then  distilling  the 
mixture.  An  acid  liquor  collects  in  the  recipient,  which  is 
sulphocyanic  acid  dissolved  in  water,  and  sulphate  of  potash 
remains  in  the  retort. 

Sulphocyanic  acid,  as  thus  prepared,  is  a  transparent  liquid, 
which  is  either  colourless  or  has  a  slight  shade  of  pink.     Its 
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odoar  is  Bomewliat  rimilar  to  that  of  vinegar.  The  stroogest 
solution  of  it  which  Mr.  Porrett  could  obtain  had  a  specific 
grarity  of  1022.  It  boils  at  216°-S  F. ;  and  at  64*'-5  cry»- 
talHzea  in  six-sided  prisms. 

Sulphocyanic  acid  reddens  litmus  paper,  and  forms  neutral 
compounds  with  alkalies.  Its  presence,  whether  free  or  com- 
bined, is  easily  detected  by  a  per-salt  of  iron,  with  the  oxide 
of  which  it  unites,  forming  a  soluble  salt  of  a  deep  blfK>d-red 
colour.  With  the  protoxide  of  copper  it  yields  a  white  salt, 
which  is  insoluble  in  water. 

According  to  the  analysis  of  Mr.  Porrett,  (Annals  of  Philo- 
sophy, vol.  xiii.)  which  is  confirmed  by  that  of  BerzeliuH, 
(An.  de  Ch.  et  de  Ph.  vol.  xvi.)  sulphocyanic  add  is  com- 
posed of 

Cjtaogea  .        2S  or  1  eq.-j  r  BUalphnnt  of  Cj- 

SulphuT     .        .        32  or  2  eq.  >    oi  of    <      anogea  C8  oi  I  aq. 

IljiilrogGa  1  or  1  eq.J  (.HydrageD  .  I  or  1  aq. 


Its  equivalent  is  therefore  59,  and  its  formula  is  (N+2C 
+2S)  +  H. 

Bitulphuret  of  Cyanogen. — Sulpho-cyanic  acid  may  be  re- 
garded aa  a  bydracid,  of  which  bisulphuret  of  cyanogen, 
lately  described  by  Liebig,  is  the  radical.  (An.  de  Ch.  et  Ph. 
xli.  187.)  It  was  prepared  by  exposing  fused  sulphocyanu- 
ret  of  potassium  to  a  current  of  dry  chlorine  gas.  Reaction 
readily  ensued,  and  at  first  choride  of  sulphur  and  bichloride 
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acid,  the  beat  proportions  being  1  part  of  the  salt,  3  of  water, 
and  2  or  2*5  of  nitric  acid ;  for  if  the  nitric  acid  be  too  strong 
or  in  too  great  excess,  the  yellow  compound  will  not  be  formed. 
It  is  also  generated  by  the  action  of  chlorine  on  a  strong  so- 
lution of  the  salt.  In  fact,  the  oxygen  of  the  air,  nitric  acid, 
and  chlorine,  act  upon  sulphocyanic  acid  in  the  same  manner 
as  on  hydriodic  and  hydrosulphuric  adds.  The  yellow  mat- 
ter retains  water  with  obstinacy. 

CyanoJiydrosulphuric  Acid. — ^Wben  sulphuretted  hydrogen 
is  transmitted  into  a  saturated  solution  of  cyanogen  in  alcohol, 
the  liquid  acquires  a  reddish  brown  tint,  and  in  a  short  time 
numerous  small  crystals  of  an  orange^red  colour  are  generated. 
According  to  the  analysis  of  Wbhler  and  Liebig,  these  crys- 
tals are  a  hydrated  hydracid :  the  radical  of  the  hydracid  is 
bisulphuret  of  cyanogen,  2  S  +  (N  +  2  C)  ;  the  hydracid 
consists  of  the  radical  united  with  two  equivalents  oi  hydro- 
gen, 2  S  4^  (N  H-  2  C)  -f  2  H ;  and  the  red  crystals  are 
composed  of  3  equivalents  of  the  hydracid  and  1  of  water. 
The  hydrated  acid  is  soluble  in  alcohol  and  water  at  a  boil- 
ing temperature,  but  is  very  sparingly  soluble  in  both  liquids 
when  cold.  The  hydracid  unites  as  such  with  the  alkalies, 
while  some  of  the  metals  are  precifHtated  by  it  in  combina^ 
tion  with  its  radical.  Frequently,  as  with  acetate  of  lead,  a 
sulphuret  and  sulpho-cyanuret  of  the  metal  are  formed  at  the 
same  time.     (An.  de  Gh.  et  Ph.  xlix.  21.) 

Sulphuret  of  Cyanogen. — ^Another  sulphuret  of  cyanogen, 
di£Perent  from  that  just  described,  was  discovered  in  1828  by 
M.  Lassaigne.  It  was  prepared  by  the  action  of  cyanuret  of 
mercury  in  fine  powder  with  half  its  weight  of  bichloride  of 
sulphur,  confined  in  a  small  glass  globe,  and  exposed  for  two 
or  three  weeks  to  day-light.  A  small  quantity  of  ciystals, 
biting  to  the  tongue  and  of  a  penetrating  odour,  collected 
in  the  upper  part  of  the  vessel,  which  formed  red-coloured 
compounds  with  per-salts  of  iron.  Its  constitution  has  not 
been  accurately  determined;  and  the  attempts  of  Liebig  to 
prepare  it  were  unsuccessful.     (An.  de  Ch.  et  Ph.  xxxix.) 

Selenio-cyanic  Add. — ^Tbis  substance  was  obtained  by  Ber- 
selius  in  combination  with  potash,  but  he  could  not  obtain  it 
in  a  separate  state.  It  may  be  regarded  as  a  hydracid,  of 
which  seleniuret  of  cyanogen  is  the  radical. 
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SECTION  VII. 

COMPOUNDS  OF  SULPHUR. 
B18ULPBURET   OF   CARBON. 

Tbi8  substance  was  discovered  accidentally  in  the  year 
1796  by  Professor  Lampadius,  who  r^arded  it  as  a  com- 
pound of  sulphur  and  hydrogen,  and  termed  it  alcohot  of 
sulphur.  Clement  and  Desormes  first  declared  it  to  be  a  sul- 
p]iuret  of  carboD,  and  their  statement  was  fully  confirmed  by 
the  joint  researches  of  Berzelius  and  the  late  Dr.  Marcet. 
(PhiloB.  Trans,  for  1813) 

Sulphuret  of  carbon  may  be  obtained  by  healing  in  close 
vesads  native  bisulphuret  of  iron  (iron  pyrites)  with  one-fifUi 
of  its  weight  of  well-dried  charcoal ;  or  by  transmitting  the 
vapour  of  BulfAur  over  fragments  of  charcoal  heated  to  red- 
ness ID  a  tube  of  porcelain.  The  compound,  as  it  is  formed, 
should  be  ctmducted  by  means  of  a  glass  tube  into  cold 
water,  at  the  bottom  of  which  it  is  collected.  To  free  it  froni 
moisture  and  adhering  sulphur,  it  should  be  distilled  at  a 
low  temperature  in  ctHitact  with  chloride  of  calcium. 

Bisulphuret  of  carbon  is  a  transparent  colourless  liquid, 
which  is  ranarkable  for  its  high  refractive  power.     Its  speci- 
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phur,  phosphorus,  and  iodine,  and  the  solution  of  the  latter 
has  a  beautiful  pink  colour.  Chlorine  decomposes  it,  with 
formation  of  chloride  of  sulphur.  The  pure  acids  have  little 
action  upon  it.  With  the  alkalies  it  unites  slowly,  forming 
compounds  which  Berzelius  calls  carbo-sulphurets.  It  is 
converted  by  strong  nitro-muriatic  acid  into  a  white  crys- 
talline substance  like  camphor,  which  Berzelius  considers 
to  be  a  compound  of  muriatic,  carbonic,  and  sulphurous  add 
gases. 

Xanthogen  and  Hydroxanihic  acid.'^M.  Zeise,  Professor 
of  Chemistry  at  Copenhagen,  has  discovered  some  novel  and 
interesting  facts,  relative  to  bisulphuret  of  carbon.  When 
this  fluid  is  agitated  with  a  solution  of  pure  potash  in  strong 
alcohol,  the  alkaline  properties  of  the  potash  disappear  en- 
tirely ;  and  on  exposing  the  solution  to  a  temperature  of 
82°  F.  numerous  acicular  crystals  are  deposited.  M.  Zeise 
attributes  these  phenomena  to  the  formation  of  a  new  acid,  the 
elements  of  which  are  derived,  in  his  opinion,  partly  from  the 
alcohol  and  partly  from  the  bisulphuret  of  carbon.  He 
gards  the  acid  as  a  compound  of  carbon,  sulphur,  and  faydi 
gen.  He  supposes  it  to  be  a  hydracid,  and  that  its  radical  is 
a  sulphuret  of  carbon.  To  the  radical  of  this  hydracid  he 
applies  the  term  Xanthogen  (from  ^coftos  yelhwj  and  ynvotm  I 
generate)^  expressive  of  the  fact  that  its  combinations  with 
several  metals  have  a  yellow  colour.  The  acid  itself  is  called 
hydroxanihic  acid,  and  its  salts  hydroxanthates.  The  crystals 
deposited  from  the  alcoholic  solution  are  the  hydroxanthate 
of  potash. 

There  is  no  doubt  of  a  new  acid  being  generated  under  the 
circumstances  described  by  M.  Zeise ;  but  since  he  has  not 
procured  xanthogen  in  an  insulated  form,  nor  determined 
with  certainty  the  constituent  principles  of  hydroxanthic  add, 
there  exists  considerable  uncertainty  as  to  its  real  nature. 
On  this  account  I  refer  to  the  original  essay  for  more  ample 
details  concerning  it.  (An.  de  Ch.  et  de  Ph.  vol.  xxi. ;  and 
Annals  of  Philosophy,  N.  S.  vol.  iv.) 

Sulphuret  of  Phosphorus. — When  sulphur  and  fused  phos- 
phorus are  brought  into  contact  they  unite  readily,  but  in  pro- 
portions which  have  not  been  precisely  determined ;  and  tiiey 
frequently  react  on  each  other  with  such  violence  as  to  cause 
an  explosion.     For  this  reason  the  experiment  should  be  made 
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with  a  quantity  of  j^osphorus  not  exceeding  thirty  or  forty 
grains.  Tlie  phosphorus  is  placed  in  a  glass  tube,  five  or  six 
inches  long,  and  about  half  an  inch  wide ;  and  when  by  a 
gentle  heat  it  is  liquefied,  the  sulphur  is  added  in  succesave 
small  portions.  Caloric  is  evolved  at  the  niomeDt  of  com- 
bination, and  sulphuretted  hydrogen  and  phosphoric  acid, 
Offing  to  the  presence  of  moisture,  are  generated.  This  com- 
pound may  also  be  made  by  agitating  flowers  of  sulphur  with 
fused  phosphorus  under  water.  The  temperature  should  not 
exceed  160°  F. ;  for  otherwise  sulphuretted  hydrogen  and 
phosphoric  acid  would  be  evolved  so  freely  as  to  prove  dan- 
gerous, or  at  least  to  interfere  with  the  success  of  the  process. 
Sulphuret  of  phosphorus,  from  the  nature  of  its  elements, 
is  highly  combustible.  It  is  much  more  fusible  than  phos- 
phorus. A  compound  made  by  Mr.  Faraday  with  about  five 
parts  of  sulphur  and  seven  of  phosphorus,  was  quite  fluid  at 
S2°  F.,  and  did  not  solidify  at  20°  F.  (Quarterly  Joumalf 
vol.  iv.) 

SECTION  VIII. 

COMPOUNDS    OF  SELENIUM. 
SULPHURET   OF   SELENIUM. 
Whkh  sulphuretted  hydrogen  gas  is  conducted  into  a  solu- 
tion of  selenious  add,  an  orange-coloured  precipitate  subsides. 
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ing  with  phosphorus  in  several  proportions,  the  compound 
formed  by  fusing  them  together  can  hardly  be  supposed  to 
be  of  a  definite  nature.  This  seleniuret  is  very  fusible,  sub- 
limes without  change  in  close  vessels,  and  is  inflammable. 
It  decomposes  water  gradually  when  digested  in  it,  giving 
rise  to  seleniuretted  hydrogen,  and  one  of  the  adds  of  phos- 
phorus*    (Annals  of  Philosophy,  vol.  xiv.) 


METALS. 


GENERAL  PROPERTIES  OF  METALS. 

Metals  are  distinguished  from  other  substances  by  the 
following  properties.  They  are  all  conductors  of  electricity 
and  caloric.  When  the  compounds  which  they  form  with 
oxygen,  chlorine,  iodine,  sulphur,  and  similar  substances,  are 
submitted  to  the  action  of  galvanism,  the  metals  always  ap- 
pear at  the  negative  side  of  the  battery,  and  are  hence  said  to 
be  positive  electrics.  They  are  quite  opaque,  refusing  a  pas- 
sage to  light,  though  reduced  to  very  thin  leaves.  They  are 
in  general  good  reflectors  of  light,  and  possess  a  peculiar 
lustre,  which  is  termed  the  metallic  lustre. — ^Every  substance 
in  which  these  characters  reside  may  be  regarded  as  a  metaL 

The  number  of  metals,  the  existence  of  which  is  admitted 
by  chemists,  amounts  to  forty-two.  The  following  table  con- 
tains the  names  of  those  that  have  been  procured  in  a  state  of 
purity,  together  with  the  date  at  which  they  were  discovered, 
and  the  names  of  the  chemists  by  whom  the  discovery  was 
made* 

Table  of  the  Discovery  of  Metals. 


Namct  uf  Metals. 


Gold 

SUver 

Iron 

Copper 

Mercury 

Lead 

Tin 

Antimony 

Zinc 

BifunuUi 


Aathon  of  the  Diicovery. 


Known  to  the  Ancients. 


Defcribed  by  Baal  Val«ntin« 
Described  by  Anicola  in 
First  mentioned  by  Paracebua 


DaCct  or  ilw 
Dbcorery. 


ISthcentniy 

1500 
ICthcentniy 
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N«.<«H.UI.. 

Aithon  or  At  DIKOKF7. 

Dl«««7. 

AlWDIC        . 

Cobdl       . 

j.BtMdt,ill    .... 

1733 

Pbtiimin  . 

Wood,  tn&y-Duiler,  Jamaica 

1741 

Nkkd 

Cnmnedl         ... 

1761 

Oahn  aod  Scbeela  . 

1774 

r«Bg,tai  . 

M.M.D'EUi™rt       . 

1781 

TeUorium  . 

Hiillet           .        . 

17S2 

Mdybdeoum 

Hieln 

1784 

UoinJum 

KLprotb    .... 

1789 

nUDium 

Gregor             .... 

1791 

Cbromium 

Vauquelin. 

Hatclen          .... 

1797 

1802 

FUliulium 

|Dr.  WolluloD    . 

1803 

Iridium 

Dt»eo6it  and  Smitiuon  Tennanl 

1803 

Onnium 

1803 

Cerium 

Hiiiuger  and  BeneUa* 

1804 

PoUniun. 

Sodium     . 

Buium     . 

Sii  H.  DkTj       ■ 

1807 

Odminm 
LUUuiD  . 

A^^!^ 

1818 
1818 

StUcium  . 
ZircoDhim 

}B«„dio.      .... 

1824 

AIummiuQ 

□  IlldDiuDl 

■V/M«  .... 

1B38 

Vttriun  . 

rhonom. 

B«i«aiiu       .... 

1829 

Map^iom 

Bu»r      .        . 

1829 

Most  of  the  metals  are  remarkable  for  their  great  specific 
gravity ;  some  of  them,  such  as  gold  or  platinum,  which  are 
the  denaeBt  bodies  known  in  nature,  being  more  than  nineteen 
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Lead 

11-352 

Bnsson 

SiWer 

10-474 

Do. 

Bismuth    . 

9-822 

Do. 

Uranium   . 

9-000 

Bucholz 

Copper 
CaoiDtum . 

8-895 

Hatchett 

8-604 

Stromeyer 

Cobalt 

8-638 

Haiiy 

Arsenic 

6.8843 

Turner 

Nickel      . 

8-279 

Richter 

Iron 

7-788 

Bnsson 

Molybdenum 

7-400 

Hielm 

Tin 

7-291 

Bnsson 

Zinc 

6-861  to  7-1 

Do. 

Manganese     .  . 

6-860 

Bergmann 

Antimony  . 

6-702 

Brisson 

Tellurium 

6.116 

Klaproth 
WoAaiiton 

Titanium  .     -  . 

6-3 

Sodium 

0.972  \       . 
0-8667       • 

r  Gay-Lussac  and 
(  Thenard 

Potassium          • 

Some  metals  possess  the  property  of  malleability^  that  is, 
admit  of  being  beaten  into  thin  plates  or  leaves  by  hammer- 
ing. The  malleable  metals  are  gold,  silver,  copper,  tin,  pla- 
tinum, palladium,  cadmium,  lead,  zinc,  iron,  nickel,  potas- 
sium, sodium,  and  frozen  mercury.  The  other  metals  are  either 
malleable  in  a  very  small  degree  only,  or,  like  antimony, 
arsenic,  and  bismuth,  are  actually  brittle.  Gold  surpasses  all 
metals  in  malleability :  one  grain  of  it  may  be  extended  so  as 
to  cover  about  52  square  inches  of  surface,  and  to  have  a 
thickness  not  exceeding  «  eVoTo^^  ^^  ^^  inch. 

Nearly  all  malleable  metals  may  be  drawn  out  into  vrires,  a 
property  which  is  expressed  by  the  term  ductiiiiy.  The  only 
metals  which  are  remarkable  in  this  respect  are  gold,  silver, 
platinum,  iron,  and  copper.  Dr.  WoUaston  has  described  a 
method  by  which  gold  wire  may  be  obtained  so  fine  that  its 
diameter  shall  be  only  ^o  o^^  ^^  ^°  inch,  and  that  650  feet  of 
it  are  required  to  weigh  one  grain.  He  obtained  a  platinum 
wire  so  small,  that  its  diameter  did  not  exceed  T5'io7^^  of  an 
inch.  (Philos.  Trans.  1813.)  It  is  singular  that  the  ducti* 
lity  and  malleability  of  the  same  metal  are  not  always  in 
proportion  to  each  other.  Iron,  for  example,  cannot  be  made 
into  fine  leaves,  but  it  may  be  drawn  into  very  small  wires. 

The  tenacity  of  metals  is  measured  by  ascertaining  the 
greatest  weight  which  a  wire  of  a  certain  thickness  can  sup- 
port,  without  breaking.  According  to  the  experiments  of 
Ouyton-Morveau,  whose  results  are  comprised  in  the  fol- 
lowing table,  iron,  in  point  of  tenacity,  surpasses  all  other 
metals. 
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The  diameter  of  each  wire  was  0-787th  of  a  line. 

PiMBd*. 

IroD  wire  lupporU  .....  649^6 

Copper  ......  302-278 

PlMjnmn 274-32 

SilTer  ......  187-137 

Gold        .......  150-753 

Zinc  ......  109-54 

Tia 34-63 

Le^ 27-631 

Metals  differ  also  in  hardness,  but  I  am  not  aware  that 
their  exact  relation  to  each  other,  under  this  point  of  view, 
has  been  determined  hy  experiment.  In  the  list  of  hard  metab 
may  be  placed  titanium,  manganese,  iron,  nickel,  copper,  zinc, 
and  palladium.  Gold,  silver,  and  platinum,  are  softer  than 
these  ;  lead  is  softer  still,  and  potassium  and  sodium  yield 
to  the  pressure  of  the  fingers.  The  properties  of  elasticity 
and  sonorousness  are  allied  to  that  of  hardness.  Iron  and 
copper  are  in  these  respects  the  most  conspicuous. 

Many  of  the  metals  have  a  distinctly  crystalline  texture. 
Iron,  for  example,  is  fibrous ;  and  zinc,  bismuth,  and  anti- 
mony, are  lamellated.  Metals  are  sometimes  obtained  also 
in  crystals ;  and  when  they  do  crystallize,  they  always  assume 
the  figure  of  a  cube,  the  regular  octohedron,  or  some  form 
allied  to  it.  Gold,  silver,  and  copper,  occur  naturally  in 
crystals,  while  others  crystallize  when  they  pass  gradually 
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Table  of  the  Fusibility  of  different  Metals. 


Fiuibl«  below 
red  beat 


" 


Mercury  .  • 

Potassium 

Sodium 

Tin  . 

Bismuth 

I>ead 

Tellurium — rather  less  fu- 
sible than  lead. 

Arsenic — undetermined. 

Zinc  • 

Antimony — a  little  below 
a  red  neat. 

Cadmium 


Fahr. 

--39°  Different  chemists. 
136 
190 
430 
493 
500 


/Silver    • 
Copper 
Gold     . 

Cobalt — ^rather  less  fu- 
sible than  iron. 

Iron      . 


Biot. 
Klaproth. 
698      BroDgniait. 

Strameyer. 

Pyrometer  et  Wedgwood. 

20°    Kennedy. 

^  I  Wedgwood. 


>  Gay-Luasac  and  Thenard. 

>  Newton. 


32* 


r  130      Wedgwood. 
\  158      Mackenxie. 
160      Gnyton. 


Manganese 
Nickel— the  same  as 
Manganese    .  .  Richter. 

laAutble  below  a  /  Palladium* 

red  beat.       \  Molybdenum    r  Almost  infusible,  and  not 
Uranium  I     to  be  procured  in  buttons 

\     by  the  heat  of  a  smith' 


Tungsten 
Chromium 
Titanium 
Cerium 
Osmium 
Iridium 
Rhodium 
Platinum 
\  Columbium  J 


Fusible  before  the 
^oxy-hydrogen  blow- 
pipe. 


V  Infusible  in  the  beat  of  a  smith's  forge,  but 
r      fusible  before  the  oxy*hydrqgen  blow-pipe. 


Metals  differ  also  in  volatility.  Some  are  readily  vola^ 
tilized  by  caloric,  while  others  are  of  so  fixed  a  nature  that 
they  may  be  exposed  to  the  most  intense  heat  of  a  wind  furnace 
without  being  dissipated  in  vapour.  There  are  seven  metals 
the  volatility  of  which  has  been  ascertained  with  certainty ; 
namely,  cadmium,  mercury,  arsenic,  tellurium,  potassium^ 
sodium,  and  zinc. 

Metals  cannot  be  resolved  into  more  simple  parts;  and 
therefore,  in  the  present  state  of  chemistry,  they  must  be  re- 
garded as  elementary  bodies.  It  was  formerly  conceived  that 
they  might  be  converted  into  each  other;  and  this  notion 
led  to  the  vain  attempts  of  the  alchemists  to  omvert  the  baser 
metals  into  gold.     The  chemist  has  now  learned  that  his  art 
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solely  cooaists  in  re§olTing  compound  bodies  into  thdr  de- 
ment*, and  causing  subfiUoces  to  unite  which  were  previously 
unc<HDbiDed.  There  is  not  a  taogle  fact  in  support  of  the 
opmion  that  one  elraaentary  principle  can  assume  the  proper- 
ties peculiar  to  another. 

Metals  have  an  extenstre  range  of  affinity,  and  on  this  ac- 
count few  of  them  are  found  in  the  earth  native,  that  is,  in  an 
uncombined  form.  They  commonly  occur  in  combination 
with  other  bodies,  eapecially  with  oxygen  and  sulphur,  in 
which  state  they  are  said  to  be  naturalized.  It  is  a  singular 
fact  in  the  chemical  history  of  the  metals,  that  they  are  little 
disposed  to  combine  in  the  metallic  state  with  compound 
bodies.  Chemists  are  not  acquainted  with  any  instance  of  a 
metal  forming  a  definite  compound  either  with  a  metallic 
oxide  or  with  an  acid.  They  unite  readily,  on  the  contrary, 
with  elementary  substances.  Thus,  under  favourable  cir- 
cumstances, they  combine  with  each  other,  yielding  com- 
pounds termed  alloi/t,  which  possess  all  the  characteristic 
physical  properties  of  pure  metals.  They  unite  likewise  with 
the  simple  substances  not  metallic,  such  as  oxygen,  chlorinf^ 
and  sulphur,  giving  rise  to  new  bodies  in  which  the  metallic 
character  is  wholly  wanting.  In  all  these  combinations  Ae 
same  tendency  to  unite  in  a  few  definite  proportions  is  as  con- 
spicuous, as  in  that  department  of  the  science  of  which  I  have 
just  completed  the  description.     The  chemical  changes  are 
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The  product  either  of  the  slow  or  rapid  oxidation  of  a  metal, 
when  heated  in  the  air,  has  an  earthy  aspect,  and  was  called  a 
calx  by  the  older  chemists,  the  process  of  forming  it  being  ex* 
pressed  by  the  term  calcination.  Another  method  of  oxidizing 
metals  is  by  deflagration  ;  that  is,  by  mixing  them  with  nitrate 
or  chlorate  of  potash,  and  projecting  the  mixture  into  a  red- 
hot  crucible.  Most  metals  may  be  oxidized  by  digestion  in 
nitric  acid ;  and  nitro-muriatic  acid  is  an  oxidizing  agent  of 
still  greater  power. 

Some  metals  unite  with  oxygen  in  one  proportion  only,  but 
most  of  them  have  two  or  three  degrees  of  oxidation.  Metals 
differ  remarkably  in  their  relative  forces  of  attraction  for 
oxygen.  Potassium  and  sodium,  for  example,  are  oxidized  by 
mere  exposure  to  the  air ;  and  they  decompose  water  at  all 
'  temperatures  the  instant  they  come  in  contact  with  it.  Iron 
and  copper  may  be  preserved  in  dry  air  without  change,  nor 
can  they  decompose  water  at  common  temperatures ;  but  they 
are  both  slowly  oxidized  by  exposure  to  a  moist  atmosphere, 
and  combine  rapidly  with  oxygen  when  heated  to  redness  in 
the  open  air.  Iron  has  a  stronger  affinity  for  oxygen  than 
copper ;  for  the  former  decomposes  water  at  a  red  heat,  whereas 
the  latter  cannot  produce  that  effect.  Mercury  is  less  inclined 
than  copper  to  unite  with  oxygen.  Thus  it  may  be  exposed 
without  change  to  the  influence  of  a  moist  atmosphere.  At  a 
temperature  of  65ff^  or  TOO""  F.  it  is  oxidized ;  but  at  a  red 
heat  it  is  reduced  to  the  metallic  state,  while  oxide  of  copper 
can  sustain  the  strongest  heat  of  a  blast  furnace  without  losing 
its  oxygen.  The  affinity  of  gold  for  oxygen  is  still  weaker 
than  that  of  mercury ;  for  it  will  bear  the  most  intense  beat 
of  our  furnaces  without  oxidation. 

Metallic  oxides  suffer  reduction,  or  may  be  reduced  to  the 
metallic  state  in  several  ways: 

1.  By  heat  alone.  By  this  method  the  oxides  of  gold,  sil- 
ver, mercury,  and  platinum,  may  be  decomposed. 

2.  By  the  united  agency  of  heat  and  combustible  matter. 
Thus,  by  transmitting  a  current  of  hydrogen  gas  over  the 
oxides  of  copper  or  iron  heated  to  redness  in  a  tube  of  porce- 
lain, water  is  generated,  and  the  metals  are  obtained  in  a 
pure  form.  Carbonaceous  matters  are  likewise  used  for  the 
purpose  with  great  success.  Potash  and  soda,  for  example, 
may  be  decomposed  by  exposing  them  to  a  white  heat  afto: 
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being  iDtimately  mixed  with  charcoal  in  fine  powder.  A 
nmilar  process  is  employed  in  metallurgy  for  extracting  me- 
tals from  th&T  ores,  the  infiammable  materials  bdng  wood, 
charcoal,  coke,  or  coal.  In  the  more  delicate  operations  of 
the  laboratory,  charcoal  and  black  Jlux  are  preferred. 

3.  By  the  galvanic  battery.  This  is  a  still  more  powerful 
agent  than  the  preceding ;  since  some  oxides,  such  as  baryta 
and  strontia,  which  resist  the  united  influence  of  heat  and 
charcoal,  are  reduced  by  the  agency  of  galvanism. 

4.  By  the  action  of  deoxidizing  agents  on  metallic  solu- 
tions. Phosphorous  acid,  for  example,  when  added  to  a  liquid 
containing  oxide  of  mercury,  deprives  the  oxide  of  its  oxygen, 
metallic  mercury  subsides,  and  phosphoric  acid  is  generated. 
In  like  manner,  one  metal  may  be  precipitated  by  another, 
provided  the  affinity  of  the  latter  for  oxygen  exceeds  that  of 
the  former.  Thus,  when  mercury  is  added  to  a  solution  of 
nitrate  of  the  oxide  of  silver,  metallic  silver  is  thrown  down, 
and  oxide  of  mercury  is  dissolved  by  the  nitric  acid.  On 
placing  metallic  copper  in  the  liquid,  pure  mercury  subsides, 
and  a  nitrate  of  the  oxide  of  copper  is  formed ;  and  from 
this  solution  metallic  copper  may  be  precipitated  by  means  of 
iron. 

Metals,  like  the  simple  non-metallic  bodies,  may  give  rise 
to  oxides  or  adds  by  combining  with  oxygen.  The  former 
are  the  most  frequent  products.     Many  metals  which  are  not 
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giving  a  brown  stain  to  yellow  turmeric  paper,  and  of  re- 
storing the  blue  colour  of  reddened  litmus. 

Oxides  sometimes  unite  with  each  other,  and  form  definite 
compounds.  The  most  abundant  ore  of  chromium,  commonly 
called  chromate  of  iron,  is  an  instance  of  this  kind ;  and  the 
red  and  sesqui-oxide  of  manganese,  and  the  red  oxide  of  lead, 
appear  to  belong  to  the  same  class  of  bodies. 

Chlorine  has  a  powerful  affinity  for  metallic  substances.  It 
combines  readily  with  most  metals  at  common  temperatures, 
and  the  action  is  in  many  instances  so  violent  as  to  be  accom- 
panied with  the  evolution  of  light  For  example,  when  pow* 
dered  zinc,  arsenic,  or  antimony,  is  thrown  into  ajar  of  chlo* 
rine  gas,  the  metal  is  instantly  inflamed.  The  attraction  of 
chlorine  for  metals  even  surpasses  that  of  oxygen.  Thus, 
when  chlorine  is  brought  into  contact  at  a  red  heat  with  pure 
lime,  magnesia,  baryta,  strontia,  potash,  or  soda,  oxygen  is 
emitted,  and  a  chloride  of  the  metal  is  generated,  the  elements 
of  which  are  so  strongly  united  that  no  temperature  hitherto 
tried  can  separate  them.  All  other  metallic  oxides  are,  with 
few  exceptions,  acted  on  in  the  same  manner  by  chlorine,  and 
in  some  cases  the  change  takes  place  below  the  temperature 
of  ignition. 

All  the  metallic  chlorides  are  solid  at  the  common  tem- 
perature, except  the  bichlorides  of  tin  and  arsenic,  which  are 
liquid.  They  are  fusible  by  heat,  assume  a  crystalline  tex- 
ture in  cooling,  and  under  favourable  circumstances  crystal- 
lize with  regularity.  Several  of  them,  such  as  the  clilorides  of 
tin,  arsenic,  antimony,  and  mercury,  are  volatile,  and  may  be 
sublimed  without  change.  They  are  for  the  most  part  co- 
lourless, do  not  possess  the  metallic  lustre,  and  have  the 
aspect  of  a  salt.  Two  of  the  chlorides  are  insoluble  in  water, 
namely,  chloride  of  silver  and  protochloride  of  mercury ;  but 
all  the  others  are  more  or  less  soluble. 

Some  of  the  metallic  chlorides,  those  especially  of  gold  and 
platinum,  are  decomposable  by  heat.  All  the  chlorides  of  the 
common  metals  are  decomposed  at  a  red  heat  by  hydrogen 
gas,  muriatic  add  being  disengaged  while  the  metal  is  set 
free.  Pure  charcoal  does  not  effect  their  decomposition ;  but 
if  moisture  be  present  at  the  same  time,  muriatic  and  car- 
bonic acid  gases  are  formed,  and  the  metal  remains.    They 
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Tomtt  the  aetioB  of  anhydrous  sulphuric  acid ;  but  all  the 
chlorides,  excepting  those  (£  silver  and  mercury,  are  readily 
dflcompoaed  by  hydrated  sulphuric  add,  with  diseagagement 
of  muriatic  add  gas.  The  change  is  accompanied  with  de- 
composition of  water,  the  hydrogen  of  which  combines  with 
chlDrine,  and  its  oxygen  with  the  metal.  All  chlorides,  when 
in  solution,  may  be  recognised  by  yielding  with  nitrate  ai 
silver  a  white  precipitate,  which  is  chloride  of  silver. 

Metallic  chlorides  may  in  most  cases  be  formed  by  direct 
action  of  chlorine  on  the  pure  metals.  They  are  also  fre- 
quently procured  by  evaporating  a  solution  of  the  muriate  of 
a  metallic  oxide  to  dryness,  and  applying  heat  so  long  as  any 
water  is  expelled.  Metallic  chlorides  are  often  deposited 
from  such  solutions  by  o-ystallization. 

Chlorine  manifests  a  feeble  affinity  for  metaUic  oxides.  No 
combination  of  the  hind  occurs  at  a  red  heat,  and  no  chloride 
of  a  metalhc  oxide  can  be  heated  to  redness  without  decom- 
position. Such  compounds  can  only  be  formed  at  low  tem- 
peratures; and  they  are  possessed  of  little  permanency.  It 
is  well  known  that  chlorine  may  combine  under  favourable 
circumstances  with  th&  alkalies  and  alkaline  earths ;  and  M. 
Orouvdle  has  succeeded  in  making  it  unite  with  magnesia, 
and  the  oxides  of  zinc,  copper,  and  iron.  (An.  de  Ch.  et  de 
Ph.  ToL  xvii.)  Of  these  chlorides,  that  of  potash  may  be 
taken  as  an  exampk.     If  chlorine  is  conducted  into  a  dilute 
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Lead 

11-352 

Brisioii 

Silver 

10-474 

Do. 

Bismuth    . 

9-822 

Do. 

Uranium   . 

9-000 

Bucholi 

Copper 
Cadmium . 

8-895 

Hatchett 

8-604 

Stromerer 

Cobalt 

8-538 

Hany 

Arsenic 

5.8843 

Tomer 

Nickel      . 

8-279 

Richter 

Iron 

7-788 

Brision 

Molybdenum 

7-400 

Hielm 

Tin 

7-291 

Briison 

Zinc 

6-861  to  7-1 

Do. 

Manganese     ■  . 

6-850 

Bergmana 

Antimony  . 

6702 

Briuon 

Tellurium 

6.115 

Klaproth 
WoUajtton 

Titanium  . 

63 

Sodium 

0.972  \ 
0-866  J        . 

f  Gay-Lussac  and 
iThenard 

Potassium 

Some  metals  possess  the  property  of  malleability^  that  is, 
admit  of  being  beaten  into  thin  plates  or  leaves  by  hammer- 
ing. The  malleable  metals  are  gold,  silver,  copper,  tin,  pla- 
tinum, palladium,  cadmium,  lead,  zinc,  iron,  nickel,  potas- 
sium, sodium,  and  frozen  mercury.  The  other  metals  are  either 
malleable  in  a  very  small  degree  only,  or,  like  antimony, 
arsenic,  and  bismuth,  are  actually  brittle.  Gold  surpasses  all 
metals  in  malleability :  one  grain  of  it  may  be  extended  so  as 
to  cover  about  52  square  inches  of  surface,  and  to  have  a 
thickness  not  exceeding  <  aVoT^th  of  an  inch. 

Nearly  all  malleable  metals  may  be  drawn  out  into  wires,  a 
property  vrhich  is  expressed  by  the  term  ductility.  The  only 
metals  which  are  remarkable  in  this  respect  are  gold,  silver, 
platinum,  iron,  and  copper.  Dr.  WoUaston  has  described  a 
method  by  which  gold  wire  may  be  obtained  so  fine  that  its 
diameter  shall  be  only  y^^  ^th  of  an  inch,  and  that  550  feet  of 
it  are  required  to  weigh  one  grain.  He  obtained  a  platinum 
wire  so  small,  that  its  diameter  did  not  exceed  Tirio?^'^  ^'  *" 
inch.  (Philos.  Trans.  1813.)  It  is  singular  that  the  ducti- 
lity and  malleability  of  the  same  metal  are  not  always  in 
proportion  to  each  other.  Iron,  for  example,  cannot  be  made 
into  fine  leaves,  but  it  may  be  drawn  into  very  small  wires. 

The  tenacity  of  metals  is  measured  by  ascertaining  the 
greatest  weight  which  a  wire  of  a  certain  thickness  can  sup- 
port, without  breaking.  According  to  the  experiments  of 
Guyton-Morveau,  whose  results  are  comprised  in  the  fol- 
lowing table,  iron,  in  point  of  tenacity,  surpasses  all  other 
metal  s». 
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The  diameter  of  each  wire  was  0'787th  of  a  line. 

Iron  wire  inppoiti             .....  649'36 

Copper 302-278 

PlatiDiUii                ......  274-32 

SUver              ......  187-137 

Gold 150-753 

Zinc                ......  109-54 

Tia           ......            .  34-69 

Lead                 ......  27-631 

Metals  differ  also  in  hardaess,  but  I  am  not  aware  that 
their  exact  relation  to  each  other,  under  this  point  of  view, 
has  been  determined  by  experiment.  In  the  list  of  hard  metaU 
may  be  placed  titanium,  manganese,  iron,  nickel,  copper,  zinc, 
and  palladium.  Gold,  silver,  and  platinum,  are  softer  than 
these  ;  lead  is  softer  etill,  and  potassium  and  sodium  yield 
to  the  pressure  of  the  fingers.  The  properties  of  elasticity 
and  sonorousness  are  allied  to  that  of  hardness.  Iron  and 
copper  are  in  these  respects  the  most  conspicuous. 

Many  of  the  metals  have  a  distinctly  crystalline  texture. 
Iron,  for  example,  is  fibrous;  and  zinc,  bismuth,  and  anti- 
mony, are  lamellated.  Metals  are  sometimes  obtained  also 
in  crystals ;  and  when  they  do  crystallize,  they  always  assume 
the  figure  of  a  cube,  the  regular  octohedron,  or  some  form 
allied  to  it.  Gold,  silver,  and  copper,  occur  naturally  in 
crystals,  while  others  crystallize  when  they  pass  gradually 
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with  the  aid  of  heat ;  and  the  hydrofluoric  acid,  in  escaping, 
may  easily  be  detected  by  its  action  on  glass. 

Sulphur,  like  the  preceding  elementary  substances,  has  a 
strong  tendency  to  unite  with  metals,  and  the  combination 
may  be  efiected  in  several  ways. — 

1.  By  heating  the  metal  directly  with  sulphur.  The  metal, 
in  the  form  of  powder  or  filings,  is  mixed  with  a  due  propor- 
tion of  sulphur,  and  the  mixture  heated  in  an  earthen  cruci- 
ble, which  is  covered  to  prevent  the  access  of  air.  Or  if  the 
metal  can  sustain  a  red  heat  without  fusing,  the  vapour  of 
sulphur  may  be  passed  over  it  while  heated  to  redness  in  a 
tube  of  porcelain.  The  act  of  combination,  which  frequently 
ensues  below  the  temperature  of  ignition,  is  attended  by  free 
disengagement  of  caloric ;  and  in  several  instances  .the  heat 
evolved  is  so  great,  that  the  whole  mass  becomes  luminous, 
and  shines  with  a  vivid  light.  This  appearance  of  combus- 
tion, which  occurs  quite  independently  of  the  presence  of 
oxygen,  is  exemplified  by  the  sulphurets  of  potassium, 
sodium,  copper,  iron,  lead,  and  bismuth. 

2.  By  igniting  a  mixture  of  a  metallic  oxide  and  sulphur. 
The  sulphurets  of  the  common  metals  may  be  made  by  this 
process.  The  elements  of  the  oxide  unite  with  separate  por- 
tions of  sulphur,  forming  sulphurous  acid  gas,  which  is  dis- 
engaged, and  a  metallic  sulphuret  which  remains  in  the 
retort. 

3.  By  depriving  the  sulphate  of  an  oxide  of  its  oxygen  by 
means  of  heat  and  combustible  matter.  Charcoal  or  hydrogen 
gas  may  be  employed  for  the  purpose,  as  will  be  described 
immediately. 

4.  By  sulphuretted  hydrogen,  or  an  alkaline  hydrosul- 
phuret.  Nearly  all  the  salts  of  the  common  metals  are  de- 
composed when  a  current  of  sulphuretted  hydrogen  gas  is 
conducted  into  their  solutions.  The  salts  of  uranium,  iron, 
manganese,  cobalt,  and  nickel,  are  well-known  exceptions; 
but  these  also  are  precipitated  by  hydrosulphuret  of  ammonia 
or  potash. 

The  sulphurets  are  opaque  brittle  solids,  many  of  which, 
such  as  the  sulphurets  of  lead,  antimony,  and  iron,  have  a 
metallic  lustre.  They  are  all  fusible  by  heat,  and  commonly 
assume  a  crystalline  texture  in  cooling.     Most  of  them  are 
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solely  cMuiiti  io  resolving  compound  bodies  into  their  ele- 
ments, and  caimng  substances  to  unite  which  were  preriously 
uncranlMned.  There  is  not  a  siiigle  fact  in  support  of  the 
opinion  that  one  eleotentarf  principle  can  assume  the  proper- 
ties peculiar  to  another. 

Metals  hare  an  extensiTe  range  of  affinity,  and  on  this  ac> 
count  few  of  them  are  found  in  tiie  earth  native,  that  is,  in  an 
uncomlHiied  form.  They  commonly  occur  in  combination 
with  other  bodies,  especially  with  o\ygea  and  sulphur,  in 
which  state  they  are  said  to  be  mineralized.  It  is  a  singular 
fact  in  the  chemical  history  of  the  metals,  that  they  are  little 
disposed  to  combine  in  the  metallic  state  with  nHnpouod 
bodies.  Chemists  are  not  acquainted  with  any  instance  of  a 
metal  forming  a  definite  compound  either  with  a  metallic 
oxide  or  with  an  acid.  They  unite  readily,  on  the  contrary, 
with  elementary  substances.  Thus,  under  favourable  cir- 
cutnstaoces,  they  combine  with  each  other,  yielding  com- 
pounds termed  alhy*,  which  possess  all  the  characteristic 
physical  properties  of  pure  metals.  They  unite  hkewise  with 
the  simple  substances  not  metallic,  such  as  oxygen,  chlorine 
and  sulphur,  fpnng  rise  to  new  bodies  in  which  the  metallic 
character  is  wholly  wanting.  In  all  these  combinatiooa  the 
Mme  tendency  to  unite  in  a  few  definite  proportions  is  as  con- 
spicuous, as  in  that  department  of  the  science  of  which  I  have 
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the  residue  according  to  Proust  is  a  sulphuret  of  the  prot- 
oxide. 

It  was  the  general  belief  at  that  time,  also,  that  the  com- 
pounds formed  by  heating  sulphur  with  an  alkali  or  alkaline 
earth  are  sulphurets  of  a  metallic  oxide.  Thus,  the  old 
hepar  sulphuris,  sulphuretum  potassa  of  the  Edinburgh 
Pharmacopoeia,  which  is  made  by  fusing  together  a  mixture 
of  sulphur  and  dry  carbonate  of  potash,  was  regarded  as  a 
sulphuret  of  potash.  In  the  year  1817  M.  Vauquelin  pub. 
lished  an  essay  in  the  6th  volume  of  the  Annales  de  Chitnie  et 
de  Physique,  wherein  he  detailed  some  experiments,  the  ob- 
ject of  which  was  to  determine  the  state  of  the  alkali  in  that 
compound.  The  late  Count  BerthoUet  had  observed  that 
when  hepar  sulphuris  is  dissolved  in  water,  the  solution 
always  contains  a  considerable  portion  of  sulphuric  acid, 
which  he  conceives  to  be  generated  at  the  moment  of  solution. 
He  supposed  that  water  is  then  decomposed ;  and  that  its 
elements  combine  with  different  portions  of  sulphur,  the 
ox}'gen  giving  rise  to  the  formation  of  sulphuric  acid,  and 
the  hydrogen  to  sulphuretted  hydrogen.  The  accuracy  of 
this  explanation  was  called  in  question  by  Vauquelin  in  the 
paper  above  mentioned,  who  contended  that  the  sulphuric 
acid  is  generated,  not  during  the  process  of  solution,  but  by 
the  action  of  heat  during  the  formation  of  the  sulphuret. 
One  portion  of  potash,  according  to  him,  yields  its  oxygen 
at  a  high  temperature  to  some  of  the  sulphur,  converting  it 
into  sulphuric  acid,  while  the  potassium  unites  with  pure 
sulphur.  Two  combinations  therefore  result^-sulphuret  of 
potassium  and  sulphate  of  potash,  which  are  mixed  together. 
Though  the  experiments  adduced  in  favour  of  this  opinion 
were  not  absolutely  convincing,  yet  they  made  it  the  more 
probable  of  the  two ;  and  Vauquelin,  admitting  however  the 
want  of  actual  proof,  inferred  from  them  that  when  an  alka- 
line oxide  is  heated  to  redness  with  sulphur,  the  former  loses 
oxygen,  and  a  sulphuret  of  the  metal  itself  is  produced. 

The  sixth  volume  of  the  Annals  likewise  contains  a  paper 
by  Oay-Lussac,  who  offered  additional  arguments  in  favour 
of  Vauquelin^s  opinion,  and  I  believe  most  chemists  held 
them  to  be  satisfactory.  But  the  more  recent  labours  of 
Berthier  and  Berzelius  have  given  still  greater  insight  into 
the  nature  of  these  compounds.     One  of  Vauquelin'^s  chief 
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being  iDtiinatelj  mixed  with  charcoal  in  fine  powder.  A 
smilar  process  is  employed  in  metallurgy  for  extracting  me- 
tals from  their  ores,  the  ioflammable  materials  being  wood, 
charcoal,  coke,  or  coal.  In  the  more  delicate  operations  of 
the  laboratory,  charcoal  and  black  flux  are  preferred. 

3.  By  the  galvanic  battery.  This  is  a  still  more  powerful 
agent  than  the  preceding ;  dnce  some  oxides,  such  as  baryta 
and  strontia,  which  resist  the  united  influence  of  heat  and 
charcoal,  are  reduced  by  the  agency  of  galvanism. 

4.  By  the  action  of  deoxidizing  agents  on  metallic  Bolu< 
tioDs.  Phosphorous  acid,  for  example,  when  added  to  a  liquid 
coDtaining  oxide  of  mercury,  deprives  the  oxide  of  its  oxygen, 
metallic  mercury  subsides,  and  phosphoric  acid  is  generated. 
In  like  manner,  one  metal  may  be  precipitated  by  another, 
provided  the  affinity  of  the  latter  for  oxygen  exceeds  that  of 
the  former.  Thus,  when  mercury  is  added  to  a  solution  of 
nitrate  of  the  oxide  of  silver,  metallic  silver  is  thrown  down, 
and  oxide  of  mercury  is  dissolved  by  the  nitric  acid.  On 
placing  metallic  copper  in  the  liquid,  pure  mercury  subsides, 
and  a  nitrate  of  the  oxide  of  copper  is  formed ;  and  from 
this  solution  metallic  copper  may  be  precipitated  by  means  of 
iron. 

Metals,  like  the  simple  noQ-raetallic  bodies,  may  give  rise 
to  oxides  or  acids  by  combining  with  oxygen.  The  former 
are  the  most  frequent  products.     Many  metals  which  are  not 
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It  is  demonstrated  therefore,  that  the  metallic  bases  of  the 
alkalies  and  alkaline  earths  agree  with  the  common  metals  in 
their  disposition  to  unite  with  sulphur.  It  is  now  certain  that, 
whether  a  sulphate  be  decomposed  by  hydrogen  or  charcoal, 
or  sulphur  ignited  with  an  alkali  or  an  alkaline  earth,  a  me- 
tallic sulphuret  is  always  the  product.  Direct  combination 
between  sulphur  and  a  metallic  oxide  is  a  very  rare  occur- 
rence, nor  has  the  existence  of  such  a  compound  been  clearly 
established.  Gay-Lussac  indeed  states  that,  when  an  alkali 
or  an  alkaline  earth  is  heated  with  sulphur  in  such  a  manner 
that  the  temperature  is  never  so  high  as  a  low  red  heat,  the 
product  is  really  the  sulphuret  of  an  oxide.  But  the  facts 
adduced  in  favour  of  this  opinion  are  not  altogether  satis- 
factory, so  that  the  real  nature  of  the  product  must  be  decided 
by  future  observation. 

Several  of  the  metallic  sulphurets  occur  abundantly  in  na- 
ture. Those  that  are  most  frequently  met  with  are  the  sul- 
phurets of  lead,  antimony,  copper,  iron,  zinc,  molybdenum, 
and  silver. 

The  metallic  seleniurets  have  so  close  a  resemblance  in 
their  chemical  relations  to  the  sulphurets,  that  it  is  unneces- 
sary to  give  a  separate  description  of  them.  They  may  be 
prepared  either  by  bringing  selenium  in  contact  with  the 
metals  at  a  high  temperature,  or  by  the  action  of  hydrose- 
leoic  acid  on  metallic  solutions. 

Cyanogen,  as  already  mentioned  at  page  394,  has  an  affinity 
for  metallic  substances.  Few  of  the  cyanurets,  however,  have 
been  hitherto  obtained  in  a  separate  state,  excepting  those  of 
potassium,  mercury,  silver,  and  palladium.  The  three  latter 
are  readily  decomposed  by  a  red  heat. 

Cyanogen  unites  also  with  some  of  the  metallic  oxides. 
When  hydrocyanic  acid  vapour  is  transmitted  over  pure 
baryta  contained  in  a  porcelain  tube,  and  heated  till  it  begins 
to  be  luminous,  hydrogen  gas  is  evolved,  and  cyanuret  of 
baryta,  according  to  Gay-Lussac,  is  generated.  The  same 
chemist  succeeded  in  forming  the  cyanurets  of  potash  and 
soda  by  a  similar  process.  These  compounds  exist  only  in 
the  dry  state.     A  change  is  produced  in  them  by  the  action 
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resist  the  actB»  of  Mibydrous  sulphuric  acid ;  but  all  the 
ddotidea,  excepting  thooe  of  silver  and  mercury,  are  readily 
decomposed  by  hydrated  sulphuric  add,  with  disengagemeut 
of  miimtic  add  gas.  The  change  is  accompanied  with  de- 
compocdtion  of  water,  the  hydrogen  of  which  combines  with 
chlorine,  and  its  oxygen  with  the  metal.  All  chlorides,  when 
in  solution,  may  be  recognised  by  yielding  with  nitrate  itf 
silver  a  white  precipitate,  which  is  chloride  of  silver. 

Metallic  chlorides  may  in  most  coses  be  formed  by  direct 
action  of  chlorine  on  the  pure  metals.  They  are  also  fre- 
quently procured  by  evaporating  a  solution  of  the  muriate  of 
a  metallic  oxide  to  dryness,  and  applying  heat  so  long  as  any 
water  is  expelled.  Metallic  chlorides  are  often  deposited 
from  such  solutioDB  by  crystallization. 

Chlorine  manifests  a  feeble  affinity  for  metallic  oxides.  No 
comlrination  of  the  kind  occurs  at  a  red  heat,  and  no  chloride 
of  a  metallic  oxide  can  be  heated  to  redness  without  decom- 
position. Such  compounds  can  only  be  formed  at  low  tem- 
peratures ;  and  they  are  possessed  of  little  permanency.  It 
is  well  Icnown  that  chlorine  may  combine  under  favourable 
circumstances  with  th&  alkalies  and  alkaline  earths ;  and  M. 
Orouvelle  has  succeeded  in  making  it  unite  with  magnesia, 
and  the  oxides  of  zinc,  copper,  and  iron.  (An.  de  Ch.  et  de 
Ph.  ToL  XTU.)  Of  these  chlorides,  that  of  potash  may  be 
takeo  as  an  example.     If  chlorine  is  conducted  into  a  dilute 
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the  acid  and  salifiable  base  do  not  unite,  as  happens  in  other 
cases,  but  the  oxygen  of  the  oxide  combines  with  the  hydrogen 
of  the  acid,  and  the  metal  itself  with  the  radical  of  the  hy- 
dracid.  This  kind  of«  double  decomposition  unquestionably 
takes  place  in  some  instances,  as  when  sulphuretted  hydrogen 
acts  upon  a  salt  of  lead,  the  insoluble  sulphuret  of  lead  being 
actually  precipitated;  but  it  is  also  thought  to  occur  even 
when  the  transparency  of  the  solution  is  undisturbed.  It  is 
argued,  accordingly,  that  muriate  of  potash,  and  the  salts  of 
the  hydracids  in  general,  have  no  existence.  Thus,  when 
nitrate  of  the  oxide  of  silver  is  added  to  a  solution  of  chloride 
or  cyanuret  of  potassium,  metallic  silver  is  said  to  unite  with 
chlorine  or  cyanogen,  while  the  oxygen  of  the  oxide  of  silver 
combines  with  potassium  ;  so  that  nitrate  of  potash  and  chlo^ 
ride  or  cyanuret  of  silver  are  generated.  On  adding  sulphuric 
acid  to  a  solution  of  chloride  of  potassium,  production  of  mu- 
riatic acid  and  potash,  which  did  not  previously  exist,  instantly 
ensues,  in  consequence  of  water  being  decomposed,  and  yield- 
ing its  hydrogen  to  chlorine,  and  its  oxygen  to  potassium ; 
and  this  explanation  is  justified  by  the  circumstance,  that  the 
same  change  certainly  occurs  when  concentrated  sulphuric  acid 
is  brought  into  contact  with  solid  chloride  of  potassium.  It  is 
further  believed  that  the  crystallized  muriate  of  lime,  baryta, 
and  strontia,  which  contain  water  or  its  elements,  are  metallic 
chlorides  combined  with  water  of  crystallization ;  and  the  same 
view  is  applied  to  all  analogous  compounds. 

According  to  the  other  doctrine,  chloride  of  potassium  is 
converted  into  muriate  of  potash  in  the  act  of  dissolving;  and 
when  the  solution  is  evaporated,  the  elements  existing  in  the 
salt  reunite  at  the  moment  of  crystallization,  and  crystals  of 
chloride  of  potassium  are  deposited.  The  same  explanation 
applies  in  all  cases,  when  the  salt  of  a  hydracid  crystaUizes 
without  retaining  the  elements  of  water.  Of  those  com- 
pounds, which  in  crystallizing  retain  water  or  its  elements  in 
combination,  two  opinions  may  be  formed.  Thus  crystal* 
lized  muriate  of  baryta,  which  consists  of  one  equivalent  of 
chlorine,  one  of  barium,  two  of  oxygen,  and  two  of  hydro* 
gen,  may  be  regarded  as  a  compound  either  of  muriate  of 
baryta  with  one  equivalent  of  water  of  crystallization,  or  of 
chloride  of  barium  with  two  equivalents  of  water.  When  ex* 
posed  to  heat,  two  equivalents  of  water  arc  expelled,  and 
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combine  with  any  other  oxide  under  the  same  circum- 
stances; and  indeed  all  other  such  iodideE,  very  few  of  which 
exist,  are,  like  the  chlorides  of  oxides,  possessed  of  little  per- 
manency, and  are  decomposed  by  a  red  heat. 

The  action  of  iodine  on  metallic  oxides,  when  dissolved  or 
suspended  in  water,  is  precisely  analogous  to  that  of  chlorine. 
On  adding  iodine  to  a  solution  of  the  pure  alkalies  or  alkaline 
earths,  water  is  decomposed,  and  hydriodic  and  iodic  acids 
are  generated. 

Bromine  in  its  affinity  for  metallic  substances  is  interme- 
diate between  chlorine  and  iodine ;  for  while  chlorine  disen- 
gages bromine  Irom  its  combination  with  metals,  metallic 
iodides  are  decomposed  by  bromine.  The  same  phenomena 
attend  the  union  of  bromine  with  metals,  as  accompany  the 
formation  of  metallic  chlorides.  Thus,  antimony  and  tin 
take  fire  by  contact  with  bromine,  and  its  action  with  potas- 
sium is  attended  with  a  flash  of  light  and  intense  disengage- 
ment of  caloric.  These  compounds  have  as  yet  been  but 
partially  examined.  They  may  be  formed  either  by  the 
action  of  bromine  on  the  pure  metals,  or  by  dissolving 
metallic  oxides  in  hydrobromic  acid,  and  evaporating  the 
solution  to  dryness.  Bromine  unites  with  potash,  soda,  and 
some  other  oxides,  constituting  bleaching  compounds  similar 
to  the  chlorides  above  described.     Bromide  of  lime  is  ob- 
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want  of  affinity  between  the  new  compounds  causes  their 
separation,  and  thus  afiPords  direct  proof  that  water  is  decom* 
posed.  But  the  affinities  which  produce  this  change  do  not 
appear  so  likely  to  be  effective,  as  those  which  are  in  opera- 
tion when  chloride  of  potassium  is  put  into  water ;  especially 
when  it  is  considered  that  the  attraction  of  chlorine  for  hydro- 
gen, and  potassium  for  oxygen,  is  aided  by  that  of  the  result- 
ing acid  and  oxide  for  each  other. 

The  first  argument  is  not  perhaps  to  be  trusted,  because 
the  production  of  sulphuretted  hydrogen  and  hydrocyanic 
acid  is  probably  occasioned  by  the  carbonic  acid  of  the  atmo- 
sphere. The  three  latter,  though  not  amounting  to  demon- 
stration, give  a  high  degree  of  probability  to  the  existence  of 
salts  of  muriatic  and  hydriodic  acid ;  and  if  this  be  admitted, 
the  same  view  may  be  extended  to  other  hydracids.  This 
opinion,  which  is  preferred  by  many  chemists,  is  generally 
adopted  in  the  present  work,  though  by  no  means  to  the  en- 
tire exclusion  of  the  other.  The  bi-chloride  of  mercury  and 
terchloride  of  gold  appear  to  dissolve  as  such  in  water :  they 
are  both  soluble  in  pure  ether,  forming  solutions  which  must 
be  regarded  as  chlorides  and  not  muriates,  since  pure  ether 
contains  no  water;  and  when  aqueous  solutions  of  these 
chlorides  are  agitated  with  ether,  ethereal  solutions  of  gold  and 
platinum  are  obtained,  exactly  similar  to  those  formed  with 
ether  alone.  Surely  then,  these  chlorides  dissolve  as  chlo- 
rides in  water;  while  in  other  instances,  for  the  reasons  above 
given,  it  is  more  probable  that  muriates  are  generated.  This 
diversity  of  action  is  to  be  expected.  Considering  how  much 
the  affinity  of  metals  for  oxygen,  and  that  of  the  bases  of  the 
hydracids  for  hydrogen,  differ  in  force,  it  is  likely  that  some 
of  the  chlorides  and  similar  compounds  dissolve  without 
change,  while  others  give  rise  to  decomposition  of  water. 

Chemists  are  acquainted  with  several  metallic  phosphurets ; 
and  it  is  probable  that  phosphorus,  like  sulphur,  is  capable 
of  uniting  with  all  the  metals.  Little  attention,  however, 
has  hitherto  been  devoted  to  their  compounds ;  and  for  the 
greater  part  of  our  knowledge  concerning  them  we  are  in- 
debted to  the  researches  of  Pelletier.  (An.  de  Cbimie,  vol.  i. 
and  xiii.) 

The  metallic  phosphurets  may  be  prepared  in  several  ways. 
The  most  direct  method  is  by  bringing  phosphorus  in  contact 
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fixed  in  the  fire ;  but  the  sulpburets  of  mercury  and  arsenic 
are  remarkable  for  their  volatility.  All  the  sulphuretB,  ex- 
cepting those  which  are  formed  of  the  metallic  bases  of  the 
alkalies  and  earths,  are  iDsoluble  in  water. 

Most  of  the  protosulphurets  are  capable  of  supporting 
intense  heat  without  decomposition ;  hut  those  which  contain 
more  than  one  equivalent  of  sulphur,  lose  part  of  it  when 
strongly  heated.  They  are  all  decomposed  without  excep- 
tion by  exposure  to  the  combined  agency  of  heat  and  air  or 
oxygen  gas ;  and  the  products  depend  entirely  on  the  degree 
of  heat  and  the  nature  of  the  metal.  The  sulphuret  is  con- 
verted into  the  sulphate  of  an  oxide,  provided  the  sulphate 
is  able  to  support  the  temperature  employed  in  the  operation. 
If  this  is  not  the  case,  then  the  sulphur  is  evolved  under 
the  form  of  sulphurous  acid,  and  a  metallic  oxide  is  left;  or 
if  the  oxide  itself  is  decomposed  by  heat,  the  pure  metal  re- 
mains. The  action  of  heat  and  air  in  decomposing  metallic 
sulpburets  is  the  basis  of  several  metallurgic  processes.  A 
few  sulpburets  are  decomposed  by  the  action  of  hydrogen  gas 
at  a  red  heat,  the  pure  metal  being  set  free  and  sulphuretted 
hydrogen  evolved.  Rose  finds  that  the  only  sulpburets 
which  admit  of  being  easily  reduced  to  the  metallic  state  in 
this  way  are  those  of  antimony,  bismuth,  and  silver.  The 
sulphuret  of  tin  is  decomposed  with  difflculty,  and  requires  a 
very  high  temperature.     All  the  other  sulpburets  which  he 
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Class  I.  Metals  which  by  oxidation  yield  alkalies  and 
earths. 

Class  II.  Metals,  the  oxides  of  which  are  neither  alkalies 
nor  earths. 

Class  I.  This  class  includes  13  metals,  which  may  properly 
be  arranged  in  three  orders. 

Order  1.  Metallic  bases  of  the  alkalies.  They  are  three  in 
number;  namely, 

Potassium,  Sodium,  Lithium. 

These  metals  have  such  a  powerful  attraction  for  oxygen, 
that  at  common  temperatures  they  decompose  water  at  the 
moment  of  contact,  and  are  oxidized  with  disengagement  of 
hydrogen  gas.  The  resulting  oxides  are  distinguished  by 
their  causticity  and  solubility  in  water,  and  by  possessing 
alkaline  properties  in  an  eminent  degree.  They  are  called 
alkaliesy  and  their  metallic  bases  are  sometimes  termed  alka^ 
line  or  alkaligenous  metals. 

Order  2.  MetalUc  bases  of  the  alkaline  earths.  These  are 
four  in  number ;  namely. 

Barium,  Strontium,  Calcium,  Magnesium. 

These  metals  also,  excepting  magnesium,  decompose  water 
rapidly  at  common  temperatures.  The  resulting  oxides  are 
called  alkaline  earths ;  because  while  in  their  appearance  they 
resemble  the  earths,  they  are  similar  to  the  alkalies  in  having 
a  strong  alkaline  reaction  with  test  paper,  and  in  neutralizing 
acids.  The  three  first  are  strongly  caustic,  and  baryta  and 
strontia  are  soluble  in  water  to  a  considerable  extent. 

Order  3.  Metallic  bases  of  the  earths.  These  are  six  in 
number;  namely. 

Aluminium,  Glucinium,  Yttrium, 

Zirconium,  Silicium,  Thorinum. 

The  oxides  of  these  metals  are  well  known  as  the  pure 
earths.  They  are  white  and  of  an  earthy  appearance,  in 
their  ordinary  state  are  quite  insoluble  in  water,  and  do  not 
affect  the  colour  of  turmeric  or  litmus  paper.  As  salifiable 
bases  they  arc  inferior  to  the  alkaline  earths.  Silica  is  even 
considered  by  several  chemists  as  an  acid,  and  its  chemical 
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srgumeDts  was  drawn  from  the  action  of  charcoal  on  sulphate 
of  potaah.  When  a  mixture  of  this  salt  vith  powdered  char- 
coal b  ignited  without  exposure  to  the  air,  carbonic  oxide 
and  carbonic  acid  gases  are  formed,  and  a  sulphuret  is 
left,  analogous  both  in  appearance  and  properties  to  that 
which  roa;  be  made  by  igniting  carbonate  of  potash  directly 
with  sulphur.  They  are  both  essentially  the  same  substance, 
and  Vauquelin  conceived  from  the  strong  attraction  of  carbon 
for  oxygen,  that  both  the  sulphuric  acid  and  potash  would  be 
decomposed  by  charcoal  at  a  high  temperature;  and  that, 
consequently,  the  product  must  be  a  sulphuret  of  potassium. 
Berthier  has  proved  in  the  following  manner  that  theae 
changes  do  actually  occur.  (An.  de  Ch.  et  de  Ph.  xxii.) 
He  put  a  known  weight  of  sulphate  of  baryta  into  a  crudble 
lined  with  a  mixture  of  clay  and  charcoal,  defended  it  from 
contact  with  the  air,  and  exposed  it  to  a  white  heat  for  the 
space  of  two  hours.  By  this  treatment  it  suffered  complete 
decomposition,  and  it  was  found  that  in  passing  into  a  sul- 
phuret, it  bad  suffered  a  loss  in  weight  precisely  equal  to  the 
quantity  of  oxygen  originally  contained  in  the  acid  and  earth. 
This  circumstance,  coupled  with  the  fact  that  there  had  been 
no  loss  of  sulphur,  is  decisive  evidence  that  the  baryta  as  well 
as  the  acid  had  lost  its  oxygen,  and  that  a  sulphuret  of 
barium  bad  been  formed.     He  obtained  the  same  results  also 
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CLASS   I. 


METAtS  WHICH  BY  OXIDATION  YIELD 
ALKALIES  OR  EARTHS. 


ORDER  I. 

METALLIC  BASES  OF  THE  ALKALIES. 

SECTION   I. 
POTASSIUM. 

Potassium  was  discovered  in  the  year  1807  by  Sir  H. 
Davy,  and  the  circumstances  which  led  to  the  discovery  have 
already  been  described.  (Page  132.)  It  was  prepared  by 
that  philosopher  by  causing  -  hydrate  of  potash,  slightly 
moistened  for  the  purpose  of  increasing  its  conducting  power, 
to  communicate  with  the  opposite  poles  of  a  galvanic  battery 
of  200  double  plates ;  when  the  oxygen  both  of  the  water  and 
the  potash  passed  over  to  the  positive  pole,  while  the  hydrogen 
of  the  former,  and  the  potassium  of  the  latter,  made  their  ap* 
pearance  at  the  negative  wire.  By  this  process  potassium  is 
obtained  in  small  quantity  only;  but  Oay-Lussac  and  Tbe- 
nard  invented  a  method  by  which  a  more  abundant  supply 
may  be  procured.  (Recherches  Physico-Chimiques,  vol.  i.) 
Their  process  consists  in  bringing  fused  hydrate  of  potash  in 
contact  with  turnings  of  iron  heated  to  whiteness  in  a  gun- 
barrel.  The  iron,  under  these  circumstances,  deprives  the 
water  and  potash  of  oxygen,  hydrogen  gas  combined  with  a 
little  potassium  is  evolved,  and  pure  potassium  sublimes,  and 
may  be  collected  in  a  cool  part  of  the  apparatus. 

Potassium  may  also  be  prepared,  as  first  noticed  by  M. 
Curaudau,  by  mixing  dry  carbonate  of  potash  with  half  its 
weight  of  powdered  charcoal,  and  exposing  the  mixture,  con- 
tained in  a  gun>barrel  or  spheroidal  iron  bottle,  to  a  strong 
heat.  An  improvement  on  both  processes  has  been  made  by 
M.  Brunner,  who  decomposes  potash  by  means  of  iron  and 
charcoal.     From  eight  ounces  of  fused  carbonate  of  potash. 
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<^  w«ter,  the  nature  of  vhich  has  already  beeo  explained. 

Reapecting  the  ptecediDg  compounds  there  remaios  one 
subject,  the  coosideration  of  which,  as  applying  equally  to  all, 
has  been  purposely  delayed.  The  non-metallic  ingredient  of 
each  of  these  compounds  is  the  radical  of  a  hydracid,  that  is. 
It  has  the  property  of  formiug  with  hydrogen  an  acid,  which, 
like  other  acids,  is  unable  to  unite  witli  metals,  but  appears  to 
combine  readily  with  many  metallic  oxides.  Owing  to  this 
circumstance,  a  difficulty  arises  in  explaining  the  action  of 
such  substances  on  water.  Thus,  when  chloride  of  potassium 
is  put  into  water,  it  may  dissolve  without  suffering  any  other 
chemical  change,  and  the  liquid  accordingly  contain  chloride 
of  potassium  in  solution.  But  it  is  also  possible  that  the 
elements  of  this  compound  may  react  on  those  'of  water,  its 
potassium  uniting  with  oxygen,  and  its  chlorine  with  hydrogen; 
and  as  the  resulting  potash  and  muriatic  acid  have  a  strong 
affinity  for  each  other,  the  solution  would  of  course  contain 
muriate  of  potash.  A  similar  uncertainty  attends  the  action 
of  water  on  other  metallic  chlorides,  and  on  the  compounds  of 
metals  with  iodine,  bromine,  sulphur,  and  similar  substances; 
so  that  when  iodide,  sulphuret,  and  cyanuret  of  potassium 
are  put  into  water,  chemists  are  in  doubt  whether  they  are 
dissolved  as  such,  or  whether  they  may  not  be  converted,  by 
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OXIDES    OF    POTASSIUM. 

Potassium  unites  with  oxygen  in  two  proportions.  The 
protoxide,  commonly  called  potash  or  potassa^  is  always  formed 
when  potassium  is  put  into  water,  or  when  it  is  exposed  at 
common  temperatures  to  dry  air  or  oxygen  gas.  By  the 
former  method  the  protoxide  is  obtained  in  combination  with 
water ;  and  in  the  latter  it  is  anhydrous.  In  performing  the 
last-mentioned  process,  the  potassium  should  be  cut  into  very 
thin  slices  ;  for  otherwise  the  oxidation  is  incomplete.  The 
product,  when  partially  oxidized,  is  regarded  by  Berzelius 
to  be  a  distinct  oxide ;  but  most  chemists  admit  it  to  be  a 
mere  mixture  of  potash  and  potassium. 

As  potash  is  the  protoxide  of  potassium,  it  is  supposed  to 
contain  one  atom  of  each  of  its  elements.  The  first  mode 
employed  to  determine  the  composition  of  potash  was  by 
putting  a  given  weight  of  potassium  under  water,  and  infer- 
ring the  quantity  of  oxygen  which  united  with  the  metal,  by 
the  volume  of  hydrogen  which  was  evolved,  the  exact  compo- 
sition of  water  being  known.  In  this  way  it  was  ascertained 
by  Sir  H.  Davy,  and  Gay-Lussac  and  Thenard,  that  8  parts 
of  oxygen  unite  with  about  40  parts  of  potassium.  From 
the  analysis  of  chloride  of  potassium  by  Berzelius,  it  is  pre- 
sumed that  the  equivalent  of  potassium  is  39*15 ;  so  that 
potash  will  consist  of  39*15  parts  or  1  eq.  of  potassium,  and 
8  parts  or  1  eq.  of  oxygen.     Its  equivalent  is  therefore  47*15. 

When  potassium  burns  in  the  open  air  or  in  oxygen  gas, 
it  is  converted  into  an  orange-coloured  substance,  which  is 
peroxide  of  potassium.  It  may  likewise  be  formed  by  con- 
ducting oxygen  gas  over  potash  at  a  red  heat ;  and  it  is  pro- 
duced in  small  quantity  when  potash  is  heated  in  the  open 
air.  It  is  the  residue  of  the  decomposition  of  nitre  by  heat 
in  metallic  vessels,  provided  the  temperature  be  kept  up  for  a 
sufficient  time.  When  the  peroxide  is  put  into  water,  it  is 
resolved  into  oxygen  and  potash,  the  former  of  which  escapes 
with  e£Pervescence,  and  the  latter  is  dissolved.  According  to 
Oay-Lussac  and  Thenard,  it  consists  of  1  equivalent  of  potas- 
sium, and  3  of  oxygen.  Hence,  representing  potassium  by 
Po,  the  formulae  for  the  oxides  will  be  Po+0,  and  Po-h3  O  ; 
and  if  with  Berzelius  we  denote  the  number  of  equivalents  of 
oxygen  by  an  equal  number  of  dots  placed  over  the  oxidized 
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body,  these  fomiulse  will  become  Po,  and  Po. 
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chloride  of  barium  is  left.  When  nitrate  of  the  oxide  of  sil- 
ver is  mixed  in  solution  with  muriate  of  potash,  the  oxygen 
of  the  oxide  of  silver  unites  with  the  hydrogen  of  the  muri- 
atic acid ;  chloride  of  silver  is  precipitated,  and  nitrate  of 
potash  remains  in  the  liquid.  On  adding  sulphuric  acid  to  a 
muriate,  muriatic  acid  is  dmply  displaced,  as  when  carbonic 
arid  in  marble  is  separated  from  lime  by  the  action  of  nitric 
acid. 

On  comparing  these  opinions  it  is  manifest  that  both  are 
consistent  with  well-known  affinities.  When,  for  example,  a 
metallic  chloride  is  dissolved  in  water,  the  attraction  of  chlo- 
rine for  the  metal,  and  that  of  oxygen  for  hydrogen,  tend  to 
prevent  chemical  change  ;  but  the  affinities  of  the  metal  for 
oxygen,  of  chlorine  for  hydrogen,  and  of  muriatic  acid  for 
metallic  oxides,  co-operate  in  determining  the  decomposition 
of  water,  and  the  production  of  a  muriate.  Neither  view  has 
materially  the  advantage  in  point  of  simplicity ;  for  while 
some  phenomena  are  more  simply  explained  by  one  mode  of 
reasoning,  others  are  more  easily  explicable  according  to  the 
other.  It  is  certainly  an  objection  to  the  latter  view,  that  it 
supposes  the  frequent  decomposition  and  reproduction  of 
water,  without  there  being  any  direct  proof  of  its  occurrence  ; 
for  the  solution  of  chlorides  and  similar  compounds  often 
takes  place,  even  without  disengagement  of  caloric.     The  cir- 
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The  lime,  as  soon  as  it  is  slaked,  is  added  to  the  carbonate 
of  potash,  dissolved  in  six  or  ten  times  its  weight  of  hot 
water,  and  the  mixture  is  boiled  briskly  in  a  dean  iron  ves- 
sel for  about  ten  minutes.  The  liquid,  after  subsiding,  is 
filtered  through  a  funnel,  the  throat  of  which  is  obstructed 
by  a  piece  of  clean  linen.  This  process  is  founded  on  the  fact 
that  lime  deprives  carbonate  of  potash  of  its  add,  forming  an 
insoluble  carbonate  of  lime,  and  setting  the  pure  alkali  at 
liberty.  If  the  decomposition  is  complete,  the  filtered  solu- 
tion should  not  effervesce  when  neutralized  with  an  add. 
Liebig  finds  that  a  strong  solution  of  caustic  potash  actually 
deprives  carbonate  of  lime  of  its  add,  and  that,  from  this  dr- 
cumstance,  carbonate  of  potash  cannot  be  rendered  quite 
caustic  by  lime  unless  diluted  with  about  ten  times  its  weight 
of  water. 

As  pure  potash  absorbs  carbonic  acid  rapidly  when  freely 
expos^  to  the  atmosphere,  it  is  desirable  to  filter  its  solution 
in  vessels  containing  as  small  a  quantity  of  air  as  possible. 
This  is  easily  effected  by  means  of  the  filtering  apparatus  de> 
vised  by  Mr.  Donovan.  It  consists  of  two  vessels  A  and  D, 
of  equal  capadty,  and  connected  with  each 
other  as  represented  in  the  annexed  wood 
cut.  The  neck  b  of  the  upper  vessel  con- 
tains a  tight  cork,  perforated  to  admit  one 
end  of  the  glass  tube  c,  and  the  lower  ex- 
tremity of  the  same  vessel  terminates  in  a 
funnel  pipe,  which  fits  into  one  of  the  A. 
necks  of  the  under  vessel  D  by  grinding, 
luting,  or  by  a  tight  cork.  The  vessel  D 
is  furnished  with  another  neck  e,  which 
receives  the  lower  end  of  the  tube  c,  the 
junction  being  secured  by  means  of  a  per- 
forated cork,  or  luting.  The  throat  of 
the  funnel  pipe  is  obstructed  by  a  piece  of 
coarse  linen  loosely  rolled  up,  and  not 
pressed  down  into  the  pipe  itself.  The 
solution  is  then  poured  in  through  the 
mouth  at  fr,  the  cork  and  tube  having  been  removed ;  and 
the  first  droppings,  which  are  turbid,  are  not  received  in  the 
lower  vessel.  The  parts  of  the  apparatus  are  next  joined 
together,  and  tlie  filtration  may  proceed  at  the  slowest  rate. 


Dr: 
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with  iiie{a1&  at  a  high  temperature,  or  by  igniting  metals  in 
contact  with  phosphoric  acid  and  charcoal.  Several  of  the 
phoBphurets  may  be  formed  by  transmitting  a  current  of 
phosphu retted  hydrogen  gas  over  metallic  oxides  heated  to 
redness  in  a  porcelain  tube.  Water  is  generated,  and  a  phos- 
phuret  of  the  metal  remains.  By  eimilar  treatment  the  chlo- 
rides and  sulphurets  of  many  metals  may  be  decomposed,  and 
phosphurets  formed,  provided  the  metal  is  capable  of  retain- 
ing phosphorus  at  a  red  heat.  According  to  Professor  Rose 
the  phosphurets  of  copper,  nickel,  cobalt,  and  iron  are  the 
only  ones  which  admit  of  being  advantageously  prepared  by 
this  method.  (Poggendorff 's  Annalen,  vi.  205.)  When 
chlorides  are  employed,  muriatic  acid  gas,  and  with  sulphu- 
rets sulphuretted  hydrogen  gas,  is  of  course  generated. 

Phosphorus  is  said  to  unite  with  metallic  oxides.  For  ex- 
ample, phosphuret  of  lime  is  formed  by  conducting  the  va- 
pour of  phosphorus  over  that  earth  at  a  low  red  heat ;  but 
it  is  probable  that  in  this  instance,  as  with  a  mixture  of 
sulphur  and  an  alkali,  part  of  the  metallic  oxide  is  decom- 
posed, and  that  the  product  contains  phosphuret  of  calcium 
and  phosphate  of  lime. 

The  only  metallic  carburets  of  importance  are  those  of  iron, 
which  will  be  described  in  the  section  on  that  metal. 

Hydrogen   unites  with   few  metals.      The  only  metallic 
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added.  Muriate  of  platinum  and  potash  then  remains  in  the 
form  of  small  shining  yellow  crystals.  4,  By  being  preci- 
pitated by  no  other  substance. 

The  following  test  has  been  recommended  by  M.  Harkort 
for  distinguishing  between  potash  and  soda  in  minerals.  Oxide 
of  nickel,  when  fused  by  the  blowpipe  flame  with  borax,  gives 
a  brown  glass ;  and  this  glass,  if  melted  with  a  mineral  con- 
taining potash,  becomes  blue,  an  efiect  which  is  not  produced 
by  the  presence  of  soda. 

Chloride  of  Potassium. — Potassium  takes  fire  spontaneously 
in  an  atmosphere  of  chlorine,  and  bums  with  greater  bril- 
liancy than  in  oxygen  gas.  This  chloride  is  also  generated 
when  potassium  is  heated  in  muriatic  acid  gas,  hydrogen 
being  evolved  at  the  same  time.  It  is  the  residue  of  the  de- 
composition of  chlorate  of  potash  by  heat ;  and  it  is  obtained 
in  the  form  of  colourless  cubic  crystals,  when  a  solution  of 
muriate  of  potash  evaporates  spontaneously. 

Chloride  of  potassium  has  a  saline  and  rather  bitter  taste. 
It  requires  three  parts  of  water  at  60^  F.  for  solution,  and  is 
still  more  soluble  in  hot  water.  Its  solution  probably  con- 
tains muriate  of  potash.  (Page  440.)  It  is  composed  of 
35'45  parts  or  one  equivalent  of  chlorine,  and  39*15  parts  or 
one  equivalent  of  potassium.  ' 

Iodide  of  Potassium. — This  compound  is  formed  with  emis- 
sion of  light,  when  potassium  is  heated  in  contact  with  iodine. 
It  may  likewise  be  obtained  by  means  of  heat  from  iodate, 
and  by  crystallization  from  hydriodate  of  potash.  It  fuses 
readily  when  heated,  and  is  volatilized  at  a  temperature  be- 
low full  redness.  It  deliquesces  in  a  moist  atmosphere,  and  is 
very  soluble  in  water.  It  dissolves  also  in  strong  alcohol ; 
and  the  solution,  when  gently  evaporated,  yields  colourless 
cubic  crystals  of  iodide  of  potassium.  It  is  composed  of  126 
parts  or  one  equivalent  of  iodine,  and  39*15  parts  or  one  equi- 
valent of  potassium. 

Hydrogen  and  Potassium. — These  substances  unite  in  two 
proportions,  forming  in  one  case  a  solid  and  in  the  other  a 
gaseous  compound.  The  latter  is  produced  when  hydrate  of 
potash  is  decomposed  by  iron  at  a  white  heat,  and  it  appears 
also  to  be  generated  when  potassium  burns  on  the  surface  of 
water,     It  inflames  spontaneously  in  air  or  oxygen  gas;  but 
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relations  appear  to  justify  the  opinion.  For  reasons  to  be 
afterwards  mentioned,  the  propriety  of  placing  silicium  among 
the  metals  is  exceedingly  doubtful. 

Cuss  II.  The  number  of  the  metals  included  in  this  class 
amounts  to  29.  They  are  all  capable  of  uniting  with  oxygen, 
and  generally  in  more  than  one  proportion.  Their  protoxides 
have  an  earthy  appearance,  but  with  few  exceptions  are  co- 
loured. They  are  insoluble  in  water,  and  in  general  do  not 
aiFect  the  colour  of  test  paper.  Most  of  them  act  as  salifiable 
bases  in  uniting  with  acids,  and  forming  salts ;  but  in  this 
respect  they  are  much  inferior  to  the  alkalies  and  alkaline 
earths,  by  which  they  may  be  separated  from  their  combi- 
nations. Several  of  these  metals  are  capable  of  forming  with 
oxygen  compounds,  which  possess  the  characters  of  acids. 
The  metals  in  which  this  property  has  been  noticed  are  man- 
ganese, arsenic,  chromium,  vanadium,  molybdenum,  tungsten, 
antimony,  columbium,  titanium,  tellurium,  and  gold. 

The  metals  belonging  to  the  second  class  may  be  conve- 
niently arranged  in  the  three  following  orders  : — 

Order  1.  Metals  which  decompose  water  at  a  red  heat. 
They  are  seven  in  number ;  namely. 

Manganese,  Tin,  Cobalt, 

Zinc,  Cadmium,  Nickel. 

Iron, 
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Sodium  has  a  strong  metallic  lustre,  and  in  colour  is  very 
analogous  to  silver.  It  is  so  soft  at  common  temperatures, 
that  it  may  be  formed  into  leaves  by  the  pressure  of  the 
fingers.  It  fuses  at  200°  F.  and  rises  in  vapour  at  a  red 
heat.     Its  specific  gravity  is  0.972. 

Sodium  soon  tarnishes  on  exposure  to  the  air,  though  less 
rapidly  than  potassium.  When  thrown  into  water  it  swims 
upon  its  surface,  occasions  violent  efiervescence  and  a  hissing 
noise,  and  is  rapidly  oxidized  ;  but  no  light  is  visible.  The 
action  is  stronger  with  hot  water,  and  a  few  scintillations  ap- 
pear ;  but  still  there  is  no  flame.  In  each  case,  soda  is  gene- 
rated, owing  to  which  the  water  acquires  an  alkaline  reaction, 
and  pure  hydrogen  gas  is  disengaged.  Dr.  Wagner,  of  Pesth 
in  Hungary,  informs  me,  that  when  sodium  is  pushed  alto- 
gether under  water,  the  disengagement  of  hydrogen  gas  is 
then  so  sudden  and  abundant  as  to  cause  a  detonation. 

Oxides  of  Sodium, — Chemists  are  acquainted  with  two  de- 
finite compounds  only  of  sodium  and  oxygen.  The  protox- 
ide, or  soda^  is  a  gray  white  solid,  difficult  of  fusion,  which  is 
obtained  by  burning  sodium  in  dry  atmospheric  air.  It  is 
also  formed  when  sodium  is  oxidized  by  water ;  and  its  com- 
position may  be  determined  by  collecting  the  hydrogen  which 
is  then  disengaged.  According  to  the  experiments  of  Sir  H. 
Davy  and  Gay-Lussac  and  Thenard,  soda  consists  of  about  24 
parts  of  sodium  and  8  parts  of  oxygen ;  and  from  the  analysis 
of  the  chloride  of  sodium  by  Berzelius,  it  appears  that  23*3 
is  the  equivalent  of  sodium.  The  equivalent  of  soda  will 
therefore  be  31*3.  Representing  sodium  by  So,  the  formula 
for  soda  will  be  So -hO,  or  So. 

When  sodium  is  heated  to  redness  in  excess  of  pure 
oxygen,  an  orange-coloured  substance  is  formed,  which  is 
peroxide  of  sodium.  It  is  reserved  by  water  into  oxygen 
and  soda ;  and  it  is  composed,  according  to  Oay-Lussac  and 
Thenard,  of  two  equivalents  of  sodium  and  three  of  oxygen. 
It  is  partially  reconverted  into  soda  by  a  very  strong  heat. 

With  water  soda  forms  a  solid  hydrate,  easily  fusible  by 
heat,  which  is  very  caustic,  soluble  in  water  and  alcohol,  has 
powerful  alkaline  properties,  and  in  all  its  chemical  relations 
is  exceedingly  analogous  to  potash.  It  is  prepared  from  the 
solution  of  pure  soda,  exactly  in  the  same  manner  as  the  cor- 
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six  ounces  of  iron  filings,  and  two  ounces  of  charcoal  mixed 
intimately  and  heated  in  an  iron  bottle,  he  obtained  140 
grains  of  potassium.  (Quarterly  Journal,  xv.  379-)  Berzelius 
has  observed  that  the  potassium  thus  made,  though  fit  for  all 
the  usual  purposes  to  which  it  ia  applied,  contains  a  minute 
quantity  of  carbon ;  and  therefore  if  required  to  be  quite 
pure,  must  be  rendered  so  by  distillation  in  a  retort  of  iron 
or  green  glass.  A  modification  of  this  process  has  been  since 
described  by  Wohler,  who  effects  tlie  decomposition  of  the 
potash  solely  by  means  of  charcoal.  The  material  employed 
for  the  purpose  is  carbonate  of  potash  prepared  by  heating 
cream  of  tartar  to  redness  in  a  covered  crucible.  (Poggen- 
dorCs  Annalen,  ir.  US.) 

Potassium  is  solid  at  the  ordinary  temperature  of  the  atmo- 
sphere. At  70°  it  is  somewhat  fluid,  though  its  fluidity  is 
not  perfect  till  it  is  heated  to  150°  F.  At  50°  it  is  soft  and 
malleable,  and  yields  like  wax  to  the  pressure  of  the  fingers ; 
but  it  becomes  brittle  when  cooled  to  32°  F.  Tit  sublimes  at 
a  low  red  heat  without  undergoing  any  change,  provided  at- 
mospheric air  be  completely  excluded.  Its  texture  is  crys- 
talline, as  may  be  seen  by  breaking  it  across  while  brittle. 
In  colour  and  lustre  it  is  precisely  similar  to  mercury.  At 
60^  its  density  is  0-865,  so  that  it  is  considerably  lighter  than 
water.  It  is  quite  opaque,  and  is  a  good  conductor  of  elec- 
tricity and  caloric. 
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is  insoluble.  It  requires  twice  and  a  half  its  weight  of  water 
at  60^  F.  for  solution,  and  its  solubility  is  not  increased  by 
heat.  Like  the  soluble  chlorides  in  general,  it  passes  into  a 
muriate  while  in  the  act  of  dissolving.  (Page  440.)  Sul- 
phuric acid  decomposes  it  with  evolution  of  muriatic  add  gas, 
and  formation  of  sulphate  of  soda.  In  composition  it  is  analo- 
gous to  chloride  of  potassium,  consisting  of  one  equivalent  of 
chlorine  and  one  of  sodium. 

The  uses  of  chloride  of  sodium  are  well  known.  Besides 
its  employment  in  seasoning  food,  and  in  preserving  meat 
from  putrefaction,  a  property  which  when  pure  it  possesses 
in  a  high  degree,  it  is  used  for  various  purposes  in  the  arts, 
especially  in  the  formation  of  muriatic  acid  and  chloride  of 
lime. 

The  compounds  of  sodium  with  iodine,  sulphur,  and  phos- 
phorus are  so  analogous  to  those  which  potassium  forms  with 
the  same  elements,  that  a  particular  description  of  them  is 
unnecessary.     Sodium  does  not  unite  with  hydrogen. 

According  to  Omelin  of  Tiibingen,  sulphuret  of  sodium  is 
the  colouring  principle  of  lapis  lazuli^  to  which  the  colour  of 
ultra^marine  is  owing;  and  he  has  succeeded  in  preparing 
artificial  ultra^marine  by  heating  sulphuret  of  sodium  with  a 
mixture  of  silica  and  alumina.  (An.  de  Ch.  et  Ph.  xxxvii. 
409.) 

Chloride  of  Soda. — This  compound  has  lately  acquired  the 
attention  of  scientific  men  under  the  name  of  Labarraque'^s 
disinfecting  soda  liquid^  which  was  announced  by  M.  La- 
barraque  as  a  compound  of  chlorine  and  soda,  analogous  to 
the  well-known  bleaching  powder,  chloride  of  lime.  The 
nature  of  this  liquid  has  been  since  investigated  by  Mr. 
Phillips  and  Mr.  Faraday,  especially  by  the  latter ;  and  it 
appears  from  the  experiments  of  this  chemist,  that  while 
chloride  of  soda  is  the  active  ingredient,  its  properties  are 
considerably  modified  by  the  presence  of  carbonate  of  soda. 
(Quarterly  Journal  of  Science,  N.  S.  ii.  84.) 

Pure  chloride  of  soda  is  easily  prepared  by  transmitting  to 
saturation  a  current  of  chlorine  gas  into  a  cold  and  rather 
dilute  solution  of  caustic  soda.  Common  carbonate  of  soda 
may  be  substituted  for  the  pure  alkali ;  but  considerable 
excess  of  chlorine  must  then  be  employed  in  order  to  displace 
the  whole  of  the   carbonic   acid.     It  may  also  be  formed 
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Anhydrous  potash  can  only  be  prepared  by  the  slow  oxida- 
tion of  potasaum,  as  already  mentioned.  In  its  pure  state, 
it  is  a  white  solid  substance,  highly  caustic,  which  fuses  at  a 
temperature  somewhat  above  that  of  redness,  and  bears  the 
strongest  heat  of  a  wind  furnace  without  being  decomposed 
or  volatilized.  It  has  a  powerful  afRnity  for  water,  and  in- 
tense heat  is  disengaged  during  the  act  of  combination. 
With  a  certain  portion  of  that  liquid  it  forms  a  solid  hydrate, 
the  elements  of  which  are  united  by  an  affinity  so  energetic, 
that  no  degree  of  heat  hitherto  employed  can  effect  their  se- 
paration. This  substance  was  long  regarded  as  the  pure 
alkali,  but  it  is  in  reality  a  hydrate  nf  potash.  It  is  com- 
posed of  47-15  parts  or  one  eq.  of  potash,  and  9  parts  or 
one  eg.  of  water;  and  its  formula  is  (Po+O)  +  (H+O),  or 
Po+H. 

Hydrate  of  potash  is  solid  at  common  temperatures.  It 
fuses  at  a  heat  rather  below  redness,  and  assumes  a  somewhat 
crystalline  texture  in  cooling.  It  is  highly  deliquescent,  and 
requires  about  half  its  weight  of  water  for  solution.  It  is 
soluble,  likewise,  in  alcohol.  It  destroys  all  animal  textures, 
and  on  this  account  is  employed  in  surgery  as  a  caustic.  It 
was  formerly  called  lapis  caustkus,  but  it  is  now  termed 
potaua  and  potaua  _fusa  by  the  Colleges  of  Edinburgh  and 
London.     This  preparation  is  made  by  evaporating  the  aque- 
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the  specific  gravity  of  which  is  about  4.  It  requires  a  very 
high  temperature  for  fusion.  It  has  a  sharp  caustic  alkaline 
taste,  converts  vegetable  blue  colours  to  green,  and  neutra- 
lizes the  strongest  acids.  Its  alkalinity,  therefore,  is  equally 
distinct  as  that  of  potash  or  soda ;  but  it  is  much  less  caustic 
and  less  soluble  in  water  than  those  alkalies.  In  pure  alcohol 
it  is  insoluble.  It  has  an  exceedingly  strong  affinity  for 
water.  When  mixed  with  that  liquid  it  slakes  in  the  same 
manner  as  quicklime,  but  with  the  evolution  of  a  more  intense 
heat,  which,  according  to  Dobereiner,  sometimes  amounts  to 
luminousness.  The  result  is  a  white  bulky  hydrate,  fusible  at 
a  red  heat,  and  which  bears  the  highest  temperature  of  a 
smithes  forge  without  parting  with  its  water.  It  is  composed 
of  76-7  parts  or  one  equivalent  of  baryta,  and  9  parts  or  one 
equivalent  of  water. 

Hydrate  of  baryta  dissolves  in  three  times  its  wdght  of 
boiling  water,  and  in  twenty  parts  of  water  at  the  tempera- 
ture of  60^  F.  (Davy.)  A  saturated  solution  of  baryta  in 
boiling  water  deposits  in  cooling  transparent,  flattened  pris- 
matic crystals,  which  are  composed,  according  to  Dr.  Dalton, 
of  76'7  parts  or  one  equivalent  of  baryta,  and  180  parts  or 
20  equivalents  of  water. 

The  aqueous  solution  of  baryta  is  an  excellent  test  of  the 
presence  of  carbonic  acid  in  the  atmosphere  or  in  other 
gaseous  mixtures.  The  carbonic  acid  unites  with  the  baryta, 
and  a  white  insoluble  precipitate,  carbonate  of  baryta^  sub- 
sides. 

The  equivalent  of  barium,  deduced  from  the  researches  of 
Berzelius  and  myself,  is  68*7,  and  that  of  its  protoxide,  or 
baryta,  is  76*7.     Representing  barium  by  Ba,  its  formula 

will  be  Ba-fO,  or  Ba;  and  the  two  hydrates  above  men- 

«        .  «  . 

tioned  will  be  denoted  by  Ba+H,  and  Ba-f  20  H. 

The  peroxide  of  barium  may  be  formed  by  conducting  dry 
oxygen  gas  over  pure  baryta  at  a  low  red  heat.  A  still  easier 
process,  lately  given  by  Wohler  and  Liebig,  is  to  heat  pure 
baryta  to  low  redness  in  a  platinum  crucible,  and  then  to  add 
chlorate  of  potash  gradually  in  the  ratio  of  about  one  part  of 
the  latter  to  four  of  the  former.  The  oxygen  of  the  chlo- 
rate goes  over  to  the  baryta,  and  chloride  of  potassium  is 
generated  at  the  same.  Cold  water  afterwards  removes  the 
chloride,  and  the  peroxide  of  barium  is  left  as  a  hydrate  with 
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without  exposure  to  more  air  than  was  contained  in  the  veB> 
sels  at  the  beginning  of  the  process.  This  apparatus  should 
be  made  of  green  in  preference  to  white  glass,  as  the  pure 
alkalies  act  on  the  former  much  less  than  on  the  latter. 
(Annals  of  Philosophy,  xxvi.  116.) 

The  mode  by  which  this  apparatus  acts  scarcely  needs  ex- 
planation. In  order  that  the  liquid  should  descend  freely,  two 
conditions  are  required :— &rBt,  that  the  air  above  the  liquid 
should  have  the  same  elastic  force,  and  therefore  exert  the 
same  pressure,  as  that  below ;  and,  secondly,  as  one  means  of 
securing  the  first  condition,  that  the  air  should  have  free 
egress  from  the  lower  vessel.  Both  objects,  it  is  manifest, 
are  accomplished  in  the  Altering  apparatus  of  Mr.  Donovan  ; 
since  for  every  drop  of  liquid  which  descends  from  the  upper 
to  the  lower  vessel,  a  corresponding  portion  of  air  passes  along 
the  tube  c  from  the  lower  vessel  to  the  upper. 

Solution  of  potash  is  highly  caustic,  and  its  taste  intensely 
acrid.  It  possesses  alkaline  properties  in  an  eminent  degree, 
converting  the  vegetable  blue  colours  to  green,  and  neu- 
tralizing the  strongest  acids.  It  absorbs  carbonic  acid  gas 
rapidly,  and  is  consequently  employed  for  withdrawing  that 
substance  from  gaseous  mixtures.  For  the  same  reason  it 
should  be  preserved  in  well-closed  bottles,  that  it  may  not 
absorb  carbonic  acid  from  the  atmosphere. 

Potash  is  etnjdoyed  as  a  reagent  in  detecting  the  presence 


464  STRONTIUM. 

procured.  Thus  by  adding  an  alkaline  carbonate,  carbonate 
of  baryta  is  precipitated  ;  and  when  muriatic  acid  is  added, 
sulphuretted  hydrogen  is  evolved,  and  muriate  of  baryta 
produced.  A  solution  of  pure  baryta  may  also  be  obtained 
from  the  hydrosulphuret,  by  boiling  it  with  oxide  of  copper, 
until  the  filtered  solution  no  longer  gives  a  dark  precipitate 
with  acetate  of  lead.  The  crystallized  hydrate  of  baryta  is 
easily  procured  by  means  of  this  solution. 

The  combinations  of  barium  with  the  other  non-metallic 
substances  have  not  yet  been  carefully  examined. 


SECTION  V. 

STRONTIUM. 

The  metallic  base  of  strontia,  called  strontium,  was  dis- 
covered by  Sir  H.  Davy  by  a  process  analogous  to  that  de- 
scribed in  the  last  section.  All  that  is  known  respecting  its 
properties  is,  that  it  is  a  heavy  metal,  similar  in  appearance  to 
barium,  that  it  decomposes  water  with  evolution  of  hydrogen 
gas,  and  oxidizes  quickly  in  the  air,  being  converted  in  both 
cases  into  strontia. 

From  the  close  resemblance  between  baryta  and  strontia, 
these  substances  were  once  supposed  to  be  identical.  Dr. 
Crawford,  however,  and  M.  Sulzer  noticed  a  difference  be- 
tween them ;  but  the  existence  of  strontia  was  first  establish- 
ed with  certainty  in  the  year  1792  by  Dr.  Hope,*  and  the 
discovery  was  made  about  the  same  time  by  Klaproth.^f  It 
was  originally  extracted  from  strontianite,  native  carbonate  of 
strontia,  a  mineral  found  at  Strontian  in  Scotland ;  and  hence 
the  origin  of  the  term  StroutiteSf  or  Strontia^  by  which  the 
earth  itself  is  designated. 

Pure  strontia  may  be  prepared  from  nitrate  and  carbonate 
of  strontia,  ii\  the  same  manner  as  baryta.  It  resembles  this 
earth  in  appearance,  in  infusibility,  and  in  possessing  distinct 
alkaline  properties.  It  slakes  when  mixed  with  water, 
causing  intense  heat,  and  forming  a  white  solid  hydrate, 
which  consists  of  51.8  parts  or  one  equivalent  of  strontia,  and 
9  parts  or  one  equivalent  of  water.  Hydrate  of  strontia  fuses 
readily  at  a  red  heat,  but  sustains  the  strongest  heat  of  a  wind 

*  EdiD.  Philot.  Trans,  iv.  3.  f  Klaproth's  Contribations,  i. 


SOD!  LI  H.  453 

on  standing  for  some  hours  over  mercury,  the  greater  port,  if 
not  the  whole  of  the  potassium,  is  deposited. 

The  solid  hyduret  of  potassium  was  made  by  Gay-Lus- 
sac  and  Thenard,  by  heating  potassium  in  hydrogen  gas. 
It  is  a  gray,  solid  substance,  which  is  readily  decomposed  by 
heat  or  contact  with  water.  It  does  not  inflame  spontaneous- 
ly in  oxygen  gas. 

Salphuret  of  Fotaasium. — Sulphur  unites  readily  with  po- 
tassium by  the  aid  of  heat ;  and  ;bo  much  caloric  is  evolved 
at  the  moment  of  combination,  that  the  mass  becomes  incan- 
descent. The  best  method  of  obtaining  a  sulphuret  in  definite 
proportion  is  by  decomposing  sulphate  of  potash  according 
to  the  process  of  Berthier  or  Berzelius.  (Page  437.)  This 
sulphuret  is  composed  of  16  parts  or  one  equivalent  of  sul- 
phur, and  39.15  parts  or  one  equivalent  of  potassium.  It  has 
a  red  colour,  fuses  below  the  temperature  of  ignition,  and 
assumes  a  crystalline  texture  in  cooling.  It  is  dissolved  by 
water,  being  probably  converted,  with  evolution  of  caloric, 
into  bydrosulphuret  of  potash. 

Besides  this  protosulphuret,  Berzelius  has  described  four 
other  compounds,  which  he  obtained  by  igniting  carbonate  of 
potash  with  different  proportions  of  sulphur.  These  are 
composed  of  one  equivalent  of  potassium  with  2,  3,  4,  and 
5  equivalents  of  sulphur. 
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Chloride  of  strondum  is  formed  under  precisely  the  same 
drcumstancea  as  chloride  of  barium,  and  its  composition  is 
analogous.  It  is  exceedingly  soluble  in  boiling  water,  and 
requires  twice  its  weight  of  water  at  60°  F.  for  solution.  As 
already  mentioned,  it  is  soluble  in  alcohoL 

Sulphuret  of  strontium  may  be  prepared  by  the  processes 
referred  to  in  the  last  section.  It  may  be  advantageously 
employed  for  forming  the  solution  and  salts  of  strontia,  in  the 
same  manner  as  those  of  baryta  are  prepared  from  sulphdret 
of  barium.  It  consists  of  43*8  parts  or  one  equivalent  of 
strontium,  and  16  parts  or  one  equivalent  of  sulphur. 


SECTION  VI. 

CALCIUM. 

Thb  existence  of  calcium,  the  metallic  base  of  lime,  was 
demonstrated  by  Sir  H.  Davy  by  a  process  similar  to  that 
described  in  the  section  on  barium.  It  is  of  a  whiter  colour 
than  barium  or  strontium,  and  is  converted  into  lime  by 
being  oxidized.     Its  other  properties  are  unknown. 

When  carbonate  of  lime  is  exposed  to  a  white  or  even  to  a 
very  strong  red  heat,  carbonic  add  is  expelled,  and  pure  lime, 
commonly  called  quicklime^  remains.  If  lime  of  great  purity 
is  required*  it  should  be  prepared  from  pure  carbonate  of 
lime,  such  as  iceland  spar  or  Carrara  marble ;  but  in  burning 
lime  in  lime-kilns  for  making  mortar,  oommcm  lime-stone  is 
employed.  The  expulsicxi  of  carbonic  acid  is  facilitated  by 
mixing  the  carbonate  with  combustible  substances,  in  which 
case  carbonic  oxide  is  generated.     (Page  271.) 

Lime  is  a  brittle  white  earthy  solid,  the  specific  gravity 
of  which  is  about  2-3.  It  phosphoresces  powerfully  when 
heated  to  full  redness,  a  property  which  it  possesses  in  com- 
mon with  strontia  and  baryta.  It  is  one  of  the  most  in« 
fusible  bodies  known;  fusing  with  diflSculty,  even  by  the 
heat  of  the  oxy-hydrogen  blow-pipe.  It  has  a  powerful 
affinity  for  water,  and  the  combination  is  attended  with  great 
increase  of  temperature,  and  formation  of  a  white  bulky 
hydrate,  which  is  composed  of  28*5  parts  or  one  equivalent 
of  lime^  and  9  parts  or  one  equivalent  of  water.  The  process 
of  slating  lime  consists  in  forming  this  hydrate,  and  the 
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responding  preparations  of  potaeh.  Tlie  solid  hydrate  is  c<Hn- 
poeed  of  31 '3  parts  or  one  equivalent  of  soda,  and  9  parts  or 
one  equivalent  of  water. 

Soda  is  readily  distinguidied  frora  other  alkaline  bases  by 
the  following  characters.  1.  It  yields  with  sulphuric  acid  a 
salt,  vhich  by  its  taste  and  form  is  easily  recognised  as 
glauber  salt,  or  sulphate  of  soda.  2.  All  its  salts  are  soluble 
in  water,  and  are  not  precipitated  by  any  reagent.  3.  On 
exposing  its  salts  by  means  of  platinum  wire  to  theblow-pipe 
flaiue,  they  communicate  to  it  a  rich  yellow  colour. 

Chloride  of  Sodium. — This  compound  may  be  formed  di- 
rectly by  burning  sodium  in  chlorine,  or  by  heating  it  in 
muriatic  acid  gas.  It  is  deposited  in  crystals,  when  a  solu- 
tion of  muriate  of  soda  is  evaporated ;  for  this  salt,  like  mu- 
riate of  potash,  exists  only  while  in  solution,  and  is  converted 
into  a  chloride  during  the  act  of  crystallizing.  Hence  sea 
water,  the  chief  ingredient  of  which  is  muriate  of  soda,  yidds 
chloride  of  sodium  by  evaporation  ;  and  from  this  source  is 
derived  most  of  the  different  kinds  of  common  salt,  such  as 
fishery  salt,  stoved  salt,  and  bay  salt,  substances  essentially 
the  same,  and  between  which  the  sole  difference  depends  on 
the  mode  of  preparation.  Chloride  of  sodium  is  known  like- 
wise as  a  natur^  product  under  the  name  of  rock  or  mineral 
salt. 

The  common  varieties  of  salt,  of  which  rock  and  bay  salt 
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because  carbonate  of  lime  is  soluble  in  an  excess  of  carbonic 
acid.  The  action  of  this  acid  on  the  solutions  of  baryta  and 
strontia  is  precisely  similar. 

The  atomic  weight  of  lime,  as  deduced  from  the  experi- 
ments of  Berzelius,  is  28*5 ;  and  therefore  lime,  regarded  as 
the  protoxide  of  calcium,  is  composed  of  20*5  parts  or  one 
equivalent  of  calcium,  and  8  parts  or  one  equivalent  of  oxy- 
gen. Peroxide  of  calcium  may  be  formed  in  the  same  way 
as  peroxide  of  strontium.  According  to  Thenard  it  con- 
sists of  one  equivalent  of  calcium  and  two  equivalents  of 
oxygen. 

The  salts  of  lime,  which  are  easily  prepared  by  the  action 
of  acids  on  pure  marble,  are  in  many  respects  similarly  affect- 
ed by  reagents,  as  those  of  baryta  and  strontia.  They  are 
precipitated,  for  example,  by  alkaline  carbonates.  Sulphuric 
acid  and  soluble  sulphates  likewise  precipitate  lime  from  a 
moderately  strong  solution.  But  sulphate  of  lime  has  a  con- 
siderable degree  of  solubility.  Thus,  a  dilute  solution  of  a 
salt  of  lime  is  not  precipitated  at  all  by  sulphuric  acid ;  and 
when  the  sulphate  of  lime  is  separated,  it  may  be  redissolved 
by  the  addition  of  nitric  acid. 

The  most  delicate  test  of  the  presence  of  lime  is  oxalate  of 
ammonia  or  potash ;  for  of  all  the  salts  of  lime,  the  oxalate 
is  the  most  insoluble  in  water.  This  serves  to  distinguish 
lime  from  most  substances,  though  not  from  baryta  and 
strontia ;  because  the  oxalates  of  baryta  and  strontia,  especi- 
ally the  latter,  are  likewise  sparingly  soluble. — ^AU  these 
oxalates  dissolve  readily  in  water  acidulated  with  nitric  or 
muriatic  acid. 

The  best  characters  for  distinguishing  lime  from  baryta 
and  strontia  are  the  following.  Nitrate  of  lime  yields  pris- 
matic crystals  by  evaporation,  is  deliquescent  in  a  high  de- 
gree, and  very  soluble  in  alcohol.  The  nitrates  of  baryta 
and  strontia  crystallize  in  regular  octohedrons  or  segments  of 
the  octohedron,  undergo  no  change  on  exposure  to  the  air, 
except  when  very  moist,  and  do  not  dissolve  in  pure  alcohol. 

The  salts  of  lime,  when  heated  before  the  blow-pipe,  or 
when  their  solutions  in  alcohol  are  set  on  fire,  communicate 
to  the  flame  a  dull  brownish-red  colour. 

Chloride  of  Ca/ctwm.— This  compound  is  formed  in  the 
same  manner  as  chloride  of  strontium.     In  decomposing  mu- 


SODIUM.  457 

easily,  cheaply,  and  of  uniform  strength,  by  decomposing 
chloride  of  lime  with  carbonate  of  soda,  as  proposed  by  M. 
Payen.  (Quart.  Journal  of  Science,  N.  S.  i.  236.)  How- 
ever prepared,  its  properties  are  the  same.  As  its  consti- 
tuents are  retained  in  combination  by  a  feeble  affinity,  the 
compound  is  easily  destroyed.  It  emits  an  odour  of  chlorine, 
and  poseesses  the  bleaching  properties  of  that  substance  in  a 
very  high  degree.  When  kept  in  open  vessels,  it  is  alowly 
decomposed  by  the  carbonic  acid  of  the  atmosphere  with  evo- 
lutiun  of  chlorine  ;  and  the  change  is  more  rapid  in  air 
charged  with  putrid  effluvia,  because  the  carbonic  acid  pro- 
duced during  putrefaction  promotes  the  decomposition  of 
the  chloride.  On  this,  as  was  proved  by  M.  Qaultier  de 
Claubry,  depends  the  efficacy  of  an  alkaline  chloride  in  puri- 
fying air  looked  with  putrescent  exhalations.  When  the  so. 
lution  is  heated  to  the  boiling  point,  or  concentrated  by 
means  of  heat,  the  chloride  undergoes  a  change  previously 
explained,  (page  306,)  and  is  converted  into  chlorate  and 
muriate  of  soda. 

Chloride  of  soda  may  be  employed  in  bleaching,  and  for  all 
purposes  to  which  chlorine  gas  or  its  solution  was  formerly 
applied.  It  is  now  much  used  in  removing  the  offensive 
odour  arinng  from  drains,  sewers,  or  all  kinds  of  animal 
matter  in  a  state  of  putrefaction.  Bodies  disinterred  for  the 
purpose  of  judicial  inquiry,  or  parts  of  the  body  advanced  in 
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valent  of  lime  separated  a$  an  insoluble  powder.  J}r.  Ure, 
on  the  contrary,  denies  that  bleaching  powder  is  a  dicblonde» 
and  maintains,  according  to  the  result  of  his  own  analysis, 
that  the  elements  of  this  powder  do  not  constitute  a  regular 
atomic  combination.  He  found  that  the  quantity  of  chlorine 
absorbed  by  hydrate  of  lime  is  variable,  depending  not  only 
on  the  pressure  and  degree  of  es^posure,  but  on  the  quantity  of 
water  which  is  present.  The  following  is  the  result  of  bis 
analysis  of  three  specimens,  No.  1  being  good  commercia] 
bleaching  powder,  No.  2  made  by  himself  with  pure  proto- 
hydrate  of  lime,  and  No.  3  prepared  by  himself  with  lime 
containing  more  water  than  in  No.  8. 


No.  1. 

No.  2. 

No.  3. 

Chlorine      23 

4032 

39-5 

Lime           46 

45-40 

39-9 

Water         31 

14-28 

20-6 

100  100  100 

The  experiments  of  Dr.  Ure  appear  to  have  been  made 
with  great  care,  and  his  results  to  be  entitled  to  equal  if  not 
greater  confidence  than  those  of  the  other  chemists.  Upon 
the  whole  it  is  probable,  that  common  commercial  bleaching 
powder  consists  of  chloride  of  lime,  a  compound  of  35*45 
parts  or  one  equivalent  of  chlorine,  and  28*5  parts  or  one 
equivalent  of  lime ;  and  that  this,  the  essential  ingredient,  is 
mixed  with  variable  quantities  of  hydrate  of  lime. 

Several  methods  have  been  proposed  for  estimating  the 
value  of  difiPerent  specimens  of  chloride  of  lime.  Perhaps  the 
most  convenient  for  the  artist  is  that  of  Welter,  which  consists 
in  ascertaining  the  power  of  the  bleaching  liquid  to  deprive  a 
solution  of  indigo  of  known  strength  of  its  colour ;  and  direc- 
tions have  been  drawn  up  by  Gay-Lussac  for  enabling  manu- 
facturers to  employ  this  method  with  accuracy,  (Annals  of 
Philosophy,  xxiv,  218.)  For  analytical  purposes,  the  best 
method  is  to  decompose  chloride  of  lime,  confined  in  a  glass 
tube  over  mercury,  by  means  of  muriatic  add.  Muriate  of 
lime  is  generated,  and  the  chlorine  being  set  free,  its  quantity 
may  easily  be  measured. 

Bromide  of  Calcium. — It  was  prepared  by  M.  Henry  by 
the  action  of  hydrate  of  lime  on  protobromide  of  iron.     It 
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ride  and  bicarbonate  of  soda.  Its  production  may  be  con- 
ceived by  supposing,  that  when  chlorine  is  introduced  in  due 
quantity  into  a  solution  of  carbonate  of  soda,  it  combines 
with  half  of  the  alkali,  while  the  remainder  with  all  the  cac^ 
bonic  acid  constitutes  bicarbonate  of  soda.  Should  this  salt 
unite,  though  by  a  feeble  affinity,  with  chloride  of  soda,  both 
may  thence  derive  a  degree  of  permanence  which  neither 
singly  possesses.  During  spontaneous  evaporation,  the  ten- 
dency of  the  common  carbonate  to  crystallize  may  occasion 
its  reproduction,  and  the  disengagement  of  chlorine.  These 
remarks,  however,  are  merely  speculative. 


SECTION  III. 

LITHIUM. 
In  the  year  1818  M.  Arfwedson  of  Sweden,  (An.  de  Ch, 
et  Ph.  X.)  in  analyzing  the  mineral  called  petalite,  discovered 
the  existence  of  a  new  alkali,  and  its  presence  has  since  been 
detected  in  spodumene,  lepidolite,  and  in  several  varieties  of 
mica.  Berzelius  has  found  it  abo  in  the  waters  of  Carlsbad 
in  Bohemia.  FrtHO  the  circumstance  of  its  having  been  first 
obtained  from  an  earthy  mineral,  Arfwedson  gave  it  the  name 
of  litlUon,  (from  XJ^im;,  lapideus,)  a  term  since  changed  in  this 
country  to  lithia.      It  has  hitherto  been  procured  in   small 
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colour  like  silver,  is  very  malleable,  and  fuses  at  a  red  heat. 
Moist  air  oxidizes  it  superficially ;  but  it  undergoes  no  change 
in  a  dry  air,  and  may  be  boiled  in  water  without  oxidation. 
Heated  to  redness  in  air  or  oxygen  gas  it  bums  with  brilli- 
ancy»  yielding  magnesia;  and  it  inflames  spontaneously  in 
chlorine  gas.  It  is  readily  dissolved  by  dilute  acids  with 
disengagement  of  hydrogen,  and  the  solution  is  found  to  con- 
.tain  a  pure  salt  of  magnesia. 

IViagnesia,  the  only  known  oxide  of  magnesium,  is  obtained 
by  exposing  carbonate  of  magnesia  to  a  very  strong  red  heat, 
by  which  its  carbonic  acid  is  expelled.  It  is  a  white  friable 
powder,  of  an  earthy  appearance;  and  when  pure,  it  has 
neither  taste  nor  odour.  Its  specific  gravity  is  about  2*3,  and 
it  is  exceedingly  infusible.  It  has  a  weaker  affinity  than  lime 
for  water ;  for  though  it  forms  a  hydrate  when  moistened,  the 
combination  is  effected  with  hardly  any  disengagement  of 
caloric,  and  the  product  is  readily  decomposed  by  a  red  heat. 
There  probably  exist  several  difierent  compounds  of  water 
and  magnesia,  but  the  native  hydrate  is  the  only  one  known 
with  certainty.  According  to  the  analysis  of  Stromeyer,  this 
hydrate  contains  one  equivalent  of  each  of  its  constituents ; 
and  the  results  of  the  analyses  of  Berzelius  and  Dr.  Fyfe 
accord  very  nearly  with  this  proportion. 

Magnesia  dissolves  very  sparingly  in  water.  According  to 
Dr.  Fyfe,  it  requires  5142  times  its  weight  of  water  at  60% 
and  36,000  of  boiling  water  for  solution.  The  resulting 
liquid  does  not  change  the  colour  of  violets ;  but  when  pure 
magnesia  is  put  upon  moistened  turmeric  paper,  it  caused 
a  brown  stain.  From  this  there  is  no  doubt  that  the  inaction 
of  magnesia  with  respect  to  vegetable  colours,  when  tried  in 
the  ordinary  mode,  is  owing  to  its  insolubility. — It  possesses 
the  still  more  essential  character  of  alkalinity,  that,  namely, 
of  forming  neutral  salts  with  acids,  in  an  eminent  degree. 
It  absorbs  both  water  and  carbonic  acid  when  exposed  to  the 
atmosphere,  and  therefore  should  be  kept  in  well-closed 
phials. 

All  chemists  agree  that  magnesia  is  the  protoxide  of  mag- 
nesium, and  according  to  a  careful  experiment  of  Berzelius, 
made  by  converting  a  given  weight  of  pure  magnesia  into 
sulphate,  20*7  may  be  taken  as  its  equivalent.     Hence  mag- 
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SECTION  IV. 

BARIUM. 

Sir  H.  Daw  discovered  barium,  the  metallic  base  of  ba- 
ryta, in  the  year  1808  by  a  process  suggested  by  Berzelius 
and  Pontin.  It  consists  in  forming  carbonate  of  baryta  into  a 
paste  with  water,  and  placing  a  globule  of  mercury  in  a  little 
hollow  made  in  its  surface.  The  paste  was  laid  upon  a  pla- 
tinum tray  which  communicated  with  the  positive  pole  of  a 
galvanic  battery  of  100  double  plates,  while  the  negative  wire 
was  brought  into  contact  with  the  mercury.  The  baryta  was 
decomposed,  and  its  barium  entered  into  combination  with 
mercury.  This  amalgam  was  then  heated  in  a  vessel  free 
from  air,  by  which  means  the  mercury  was  expelled,  and 
barium  obtuned  in  a  pure  form. 

Barium,  thus  procured,  is  of  a  dark-gray  colour,  with  a 
lustre  inferior  to  cast  iron.     It  is  far  denser  than  water,  for 
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ALUMINIUM. 

That  aliiimna  is  an  oxidized  body  was  proved  by  Sir  H. 
Davy,  who  found  that  potash  is  generated  when  the  vapour 
of  potassium  is  brought  into  contact  with  pure  alumina  heated 
to  whiteness ;  and  it  was  inferred,  chiefly  by  analogical  reo* 
soning,  to  be  a  nietallic  oxide«  The  propriety  of  this  in* 
ference  has  been  demonstrated  by  Wohler,  who  has  pro- 
cured aluminium^  the  metallic  base  of  alumina,  in  a  pure 
state.     (Edinburgh  Journal  of  Science,  No.  xvii.  178.) 

The  preparation  of  this  metal  depends  on  the  property 
which  potassium  possesses,  of  decomposing  the  chloride  of 
aluminium.  Decomposition  is  effSected  by  aid  of  a  moderate 
increase  of  temperature;  but  the  action  is  so  violent,  and 
accompanied  with  such  intense  disengagement  of  heat  and 
light,  that  the  process  cannot  be  safely  conducted  in  glass 
vessels.  Wohler  succeeded  in  efiecting  the  decomposition  in 
a  platinum  crucible,  retaining  the  cover  in  its  place  by  a 
piece  of  wire.  The  heat  developed  during  the  action  was  so 
great,  that  the  crucible,  though  but  gently  heated  externally, 
suddenly  became  red  hot.  The  platinum  is  scarcely  attacked 
during  the  process ;  but  to  prevent  the  possibility  of  error 
from  this  source,  the  decomposition  was  efiected  in  a  crucible 
of  porcelain.  The  potassium  employed  for  the  purpose 
should  be  quite  free  from  carbon,  and  the  quantity  operated 
on  at  one  time  not  exceed  the  size  of  ten  peas.  The  heat 
was  applied  by  means  of  a  spirit  lamp,  and  continued  until 
the  action  was  completed.  The  proportion  of  the  materials 
requires  to  be  carefully  adjusted ;  for  the  potassium  should 
be  in  such  quantity  as  to  prevent  any  chloride  of  aluminium 
from  subliming  during  the  process,  but  not  so  much  as  to 
yield  an  alkaline  solution  when  the  product  is  put  into  water. 
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SECTION  IV. 

BARIUM. 

Sir  H.  Daw  discovered  barium,  the  metallic  base  of  ba- 
ryta, in  the  year  1808  by  a  process  suggested  by  Berzelius 
and  Pontin.  It  consists  in  forming  carbonate  of  baryta  into  a 
paste  with  water,  and  placing  a  globule  of  mercury  in  a  little 
hollow  made  in  its  surface.  The  paste  was  laid  upon  a  pla- 
tinum tray  which  communicated  with  the  positive  pole  of  a 
galvanic  battery  of  100  double  plates,  while  the  negative  wire 
was  brought  into  contact  with  the  mercury.  The  baryta  was 
decomposed,  and  its  barium  entered  into  combination  with 
mercury.  This  amalgam  was  then  heated  in  a  vessel  free 
from  air,  by  which  means  the  mercury  was  expelled,  and 
barium  obtained  in  a  pure  form. 

Barium,  thus  procured,  is  of  a  dark-gray  colour,  with  a 
lustre  inferior  to  cast  iron.     It  is  far  denser  than  water,  for 
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procured.  Thus  by  adding  an  alkaline  carbonate,  carbonate 
of  baryta  is  precipitated ;  and  when  muriatic  acid  is  added, 
sulphuretted  hydrogen  is  evolved,  and  muriate  of  baryta 
produced.  A  solution  of  pure  baryta  may  also  be  obtained 
from  the  hydrosulphuret,  by  boiling  it  with  oxide  of  copper, 
until  the  filtered  solution  no  longer  gives  a  dark  precipitate 
with  acetate  of  lead.  The  crystallized  hydrate  of  baryta  is 
easily  procured  by  means  of  this  solution. 

The  combinations  of  barium  with  the  other  non-metallic 
substances  have  not  yet  been  carefully  examined. 


SECTION  V. 

STRONTIUM. 

Thb  metallic  base  of  strontia,  called  strorUiumj  was  dis- 
covered by  Sir  H.  Davy  by  a  process  analogous  to  that  de- 
scribed in  the  last  section.  All  that  is  known  respecting  its 
properties  is,  that  it  is  a  heavy  metal,  similar  in  appearance  to 
barium,  that  it  decomposes  water  with  evolution  of  hydrogen 
gas,  and  oxidizes  quickly  in  the  air,  being  converted  in  both 
cases  into  strontia. 

From  the  close  resemblance  between  baryta  and  strontia, 
these  substances  were  once  supposed  to  be  identical.  Dr. 
Crawford,  however,  and  M.  Sulzer  noticed  a  difference  be- 
tween them ;  but  the  existence  of  strontia  was  first  establish- 
ed with  certainty  in  the  year  1792  by  Dr.  Hope,*  and  the 
discovery  was  made  about  the  same  time  by  Klaproth.'f*  It 
was  originally  extracted  from  strontianite,  native  carbonate  of 
strontia,  a  mineral  found  at  Strontian  in  Scotland ;  and  hence 
the  origin  of  the  term  Strontites^  or  Strontia^  by  which  the 
earth  itself  is  designated. 

Pure  strontia  may  be  prepared  from  nitrate  and  carbonate 
of  strontia,  in  the  same  manner  as  baryta.  It  resembles  this 
earth  in  appearance,  in  infusibility,  and  in  possessing  distinct 
alkaline  properties.  It  slakes  when  mixed  with  water, 
causing  intense  heat,  and  forming  a  white  solid  hydrate, 
which  consists  of  51.8  parts  or  one  equivalent  of  strontia,  and 
9  parts  or  one  equivalent  of  water.  Hydrate  of  strontia  fuses 
readily  at  a  red  heat,  but  sustains  the  strongest  heat  of  a  wind 

*»  Edin.  Philos.  Trans,  iv.  3.  t  KUproth's  Contnbutions,  i. 


MX  equivalents  of  vater.  According  to  Thenard,  the  perox- 
ide of  barium  contains  two  equivalents  of  oxygen,  and  hence 
its  formula  is  Ba+2  O,  or  Ba.  This  is  the  substance  employ- 
ed by  Thenard  in  forming  peroxide  of  hydrogen. 

Baryta  is  distinguished  from  all  other  substances  by  the 
following  characters.  1.  By  dissolving  in  water  and  forming 
an  alkaline  solution.  2.  By  all  its  soluble  salts  being  precipi- 
tated as  white  carbonate  of  baryta  by  alkaline  cartxinates, 
and  as  sulphate  of  barj^ta,  which  is  insoluble  both  in  add  and 
alkaline  solutions,  by  sulphuric  acid  or  any  soluble  sulphate. 
3.  By  forming  with  muriatic  acid  a  salt,  which  crystallizes 
readily  by  evaporation  in  the  form  of  four,  six,  or  eight- 
sided  tables,  is  insoluble  in  alcohol,  and  does  not  undergo 
any  change  on  exposure  to  the  air. 

The  readiest  method  of  forming  the  salts  of  baryta  is  by 
the  aclion  of  moderately  dilute  acids  on  the  native  or  artificial 
carbonate. 

All  the  soluble  salts  of  baryta  are  poisonous.  The  carbon- 
ate, from  being  disaolved  by  the  juices  of  the  stomach,  like- 
wise acts  as  a  poison.  The  sulphate,  from  its  perfect  insolu- 
bility, is  inert. 

Chloride  of  Barium. — This  compound  is  generated  when 
chlorine  gas  is  conducted  over  baryta  at  a  red  heat,  and  oxy- 
gen gas  is  disengaged.  It  may  also  be  formed  by  heating  to 
redness  the  crystallized  muriate  of  baryta.     It  consists  of  one 
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procured.  Thus  by  adding  an  alkaline  carbonate,  carbonate 
of  baryta  is  precipitated  ;  and  when  muriatic  acid  is  added, 
sulphuretted  hydrogen  is  evolved,  and  muriate  of  baryta 
produced.  A  solution  of  pure  baryta  may  also  be  obtained 
from  the  hydrosulphuret,  by  boiling  it  with  oxide  of  copper, 
until  the  filtered  solution  no  longer  gives  a  dark  precipitate 
with  acetate  of  lead.  The  crystallized  hydrate  of  baryta  is 
easily  procured  by  means  of  this  solution. 

The  combinations  of  barium  with  the  other  non-metallic 
substances  have  not  yet  been  carefully  examined. 


SECTION  V. 

STRONTIUM. 

Thb  metallic  base  of  strontia,  called  strontium,  was  dis- 
covered by  Sir  H.  Davy  by  a  process  analogous  to  that  de- 
scribed in  the  last  section.  All  that  is  known  respecting  its 
properties  is,  that  it  is  a  heavy  metal,  similar  in  appearance  to 
barium,  that  it  decomposes  water  with  evolution  of  hydrogen 
gas,  and  oxidizes  quickly  in  the  air,  being  converted  in  both 
cases  into  strontia. 

From  the  close  resemblance  between  baryta  and  strontia, 
these  substances  were  once  supposed  to  be  identical.  Dr. 
Crawford,  however,  and  M.  Sulzer  noticed  a  difference  be- 
tween them ;  but  the  existence  of  strontia  was  first  establish- 
ed with  certainty  in  the  year  1792  by  Dr.  Hope,*  and  the 
discovery  was  made  about  the  same  time  by  Klaproth.-t"  It 
was  originally  extracted  from  strontianite,  native  carbonate  of 
strontia,  a  mineral  found  at  Strontian  in  Scotland ;  and  hence 
the  origin  of  the  term  StrofititeSy  or  Strontia^  by  which  the 
earth  itself  is  designated. 

Pure  strontia  may  be  prepared  from  nitrate  and  carbonate 
of  strontia,  in  the  same  manner  as  bar^^ta.  It  resembles  this 
earth  in  appearance,  in  infusibility,  and  in  possessing  distinct 
alkaline  properties.  It  slakes  when  mixed  with  water, 
causing  intense  heat,  and  forming  a  white  solid  hydrate, 
which  consists  of  51.8  parts  or  one  equivalent  of  strontia,  and 
9  parts  or  one  equivalent  of  water.  Hydrate  of  strontia  fuses 
readily  at  a  red  heat,  but  sustains  the  strongest  heat  of  a  wind 

**  £din.  Philos.  Trans,  iv.  3.  f  KUproth*8  Coiitfibatioi»»  i. 
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furnace  without  decomposition.  It  is  insoluble  in  alcohol. 
Boiling  water  diesoIveB  it  Treely,  and  a  hot  saturated  solution, 
on  cooling,  deposits  transparent  crystals  in  the  form  of  thia 
quadrangular  tables.  These  crystals  are  composed,  accord- 
ing to  the  analysis  of  Dr.  Hope,  of  one  equivalent  of  strontia, 
and  12  equivalents  of  water.  They  are  converted  by  heat 
into  the  protohydrate.  They  require  50  times  their  weight 
of  water  at  60°  F.  for  solution,  and  twice  their  weight  at 
212°  F.  (Dalton.) 

The  solution  of  strontia  has  a  caustic  taste  and  alkaline  re- 
action. Like  the  solution  of  baryta  it  is  a  delicate  test  of  the 
presence  of  carbonic  acid  in  air  or  other  gaseous  mixtures, 
forming  with  it  the  insoluble  carbonate  of  strontia. 

The  atomic  weight  of  strontia,  as  deduced  from  the  ana- 
lyses of  Stromeyer,  is  518;  and  consequently  strontia,  re- 
garded a&  the  protoxide  of  strontium,  is  composed  of  43'8 
parts  or  one  equivalent  of  strontium,  and  one  equivalent  of 
oxygen. 

Peroxide  of  strontium  is  prepared  in  the  same  manner  a* 
the  corresponding  preparation  of  baryta.  It  may  likewise 
he  formed  by  pouring  an  aqueous  solution  of  strontia  into 
peroxide  of  hydrogen.  According  to  Thenard  it  contains 
twice  as  much  oxygen  aa  the  protoxide. 

The  soluble  salts  of  strontia,  like  those  of  baryta,  are  pre- 
cipitated by  alkaline  carbonates,  and  hy  sulphuric  acid  or 
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Chloride  of  strontium  is  formed  under  precisely  the  same 
circumstances  as  chloride  of  barium,  and  its  composition  is 
analogous.  It  is  exceedingly  soluble  in  boiling  water,  and 
requires  twice  its  weight  of  water  at  60°  F.  for  solution.  As 
already  mentioned,  it  is  soluble  in  alcohol. 

Sulphuret  of  strontium  may  be  prepared  by  the  processes 
referred  to  in  the  last  section.  It  may  be  advantageously 
employed  for  forming  the  solution  and  salts  of  strontia,  in  the 
same  manner  as  those  of  baryta  are  prepared  from  sulphturet 
of  barium.  It  consists  of  43*8  parts  or  one  equivalent  of 
strontium,  and  16  parts  or  one  equivalent  of  sulphur. 


SECTION  VI. 

CALCIUM. 

The  existence  of  calcium,  the  metallic  base  of  lime,  was 
demonstrated  by  Sir  H.  Davy  by  a  process  similar  to  that 
described  in  the  section  on  barium.  It  is  of  a  whiter  colour 
than  barium  or  strontium,  and  is  converted  into  lime  by 
being  oxidized.     Its  other  properties  are  unknown. 

When  carbonate  of  lime  is  exposed  to  a  white  or  even  to  a 
very  strong  red  heat,  carbonic  acid  is  expelled,  and  pure  lime, 
commonly  called  quicklime,  remains.  If  lime  of  great  purity 
is  required,  it  should  be  prepared  from  pure  carbonate  of 
lime,  such  as  iceland  spar  or  Carrara  marble ;  but  in  burning 
lime  in  lime-kilns  for  making  mortar,  common  lime-stone  is 
employed.  The  expulsion  <^  carbonic  acid  is  facilitated  by 
mixing  the  carbonate  with  combustible  substances,  in  which 
case  carbonic  oxide  is  generated     (Page  271.) 

Lime  is  a  brittle  white  earthy  solid,  the  specific  gravity 
of  which  is  about  2*3.  It  phosphoresces  powerfully  when 
heated  to  full  redness,  a  property  which  it  posses^ea  in  com- 
mon with  strontia  and  baryta.  It  is  one  of  the  most  in- 
fusible  bodies  known ;  fusing  with  difficulty,  even  by  the 
heat  al  the  oxy-hydrogen  blow-pipe.  It  has  a  powerful 
affinity  for  water,  and  the  combination  is  attended  with  great 
increase  of  temperature,  and  formation  of  a  white  bulky 
hydrate,  which  is  composed  of  28*5  parts  or  one  equivalent 
of  Iime>  and  9  parts  or  one  equivalent  of  water.  The  process 
of  slating  lime  consists  in  forming  this  hydrate,  and   the 
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hydnte  itself  is  called  slaked  lime.  It  difitrs  from  the  hy- 
dratea  of  strontia  and  baryta  in  parting  with  its  water  st  a 
red  heat. 

Hydrate  of  lime  Is  diNolTed  very  sparingly  by  water,  and 
it  ii  a  ringular  fact,  first  noticed  I  believe  by  Dalton,  that 
it  is  more  soluble  in  cold  than  in  hot  water.  Thus  he  found 
that  ooe  grain  of  lime  requires  for  solution 

778  grains  of  water  at     60°  F. 

972        ..  .  130° 

1270  .  .  212°. 

And,  consequently,  on  heating  a  solution  of  lime,  or  lime 
water,  which  has  been  prepared  in  the  cold,  deposition  of 
lime  ensues.  This  fact  was  determined  experimentally  by 
Mr.  Phillips,  who  bas  likewise  observed  that  water  at  32°  F. 
is  capable  of  dissolving  twice  as  much  lime  as  at  212°  F. 

Owing  to  this  circumstance  pure  lime  cannot  be  made  to 
crystallize  in  tbe  same  manner  as  baryta  or  strontia.  Oay> 
Lussac  succeeded,  however,  in  obtaining  crystals  of  lime  by 
evaporating  lime  water  under  the  exhausted  receiver  of  an 
air-pump  by  means  of  sulphuric  acid,  as  in  Mr.  Leslie^s  pro- 
cess for  freezing  water.  (Page  71.)  Small  transparent  crys- 
tals, in  the  form  of  regular  hexahedrons,  are  deposited,  which 
ccmdat  of  water  and  lime  in  the  same  proportion  as  in  tlie 
hydrate  above  mentioned. 

Lime  water  is  prepared  by  mixing  hydrate  of  lime  with 
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because  carbonate  of  lime  is  soluble  in  an  excess  of  carbonic 
acid.  The  action  of  this  acid  on  the  solutions  of  baryta  and 
strontia  is  precisely  similar. 

The  atomic  weight  of  lime,  as  deduced  from  the  experi- 
ments of  Berzelius,  is  28*5 ;  and  therefore  lime,  regarded  as 
the  protoxide  of  calcium,  is  composed  of  20*5  parts  or  one 
equivalent  of  calcium,  and  8  parts  or  one  equivalent  of  oxy- 
gen. Peroxide  of  calcium  may  be  formed  in  the  same  way 
as  peroxide  of  strontium.  According  to  Thenard  it  con- 
sists of  one  equivalent  of  calcium  and  two  equivalents  of 
oxygen. 

The  salts  of  lime,  which  are  easily  prepared  by  the  action 
of  acids  on  pure  marble,  are  in  many  respects  similarly  affect- 
ed by  reagents,  as  those  of  baryta  and  strontia.  They  are 
precipitated,  for  examjple,  by  alkaline  carbonates.  Sulphuric 
acid  and  soluble  sulphates  likewise  precipitate  lime  from  a 
moderately  strong  solution.  But  sulphate  of  lime  has  a  con- 
siderable degree  of  solubility.  Thus,  a  dilute  solution  of  a 
salt  of  lime  is  not  precipitated  at  all  by  sulphuric  acid ;  and 
when  the  sulphate  of  lime  is  separated,  it  may  be  redissolved 
by  the  addition  of  nitric  acid. 

The  most  delicate  test  of  the  presence  of  lime  is  oxalate  of 
ammonia  or  potash ;  for  of  all  the  salts  of  lime,  the  oxalate 
is  the  most  insoluble  in  water.  This  serves  to  distinguish 
lime  from  most  substances,  though  not  from  baryta  and 
strontia ;  because  the  oxalates  of  baryta  and  strontia,  especi- 
ally the  latter,  are  likewise  sparingly  soluble. — ^AU  these 
oxalates  dissolve  readily  in  water  acidulated  with  nitric  or 
muriatic  acid. 

The  best  characters  for  distinguishing  lime  from  baryta 
and  strontia  are  the  following.  Nitrate  of  lime  yields  pris- 
matic crystals  by  evaporation,  is  deliquescent  in  a  high  de- 
gree, and  very  soluble  in  alcohol.  The  nitrates  of  baryta 
and  strontia  crystallize  in  regular  octohedrons  or  segments  of 
the  octohedron,  undergo  no  change  on  exposure  to  the  air, 
except  when  very  moist,  and  do  not  dissolve  in  pure  alcohol. 

The  salts  of  lime,  when  heated  before  the  blow-pipe,  or 
when  their  solutions  in  alcohol  are  set  on  fire,  communicate 
to  the  flame  a  dull  brownish-red  colour. 

Chloride  of  Calcium, —This  compound  is  formed  in  the 
same  manner  as  chloride  of  strontium.     In  decomposing  mu- 


riate  of  lime  by  heat,  a  little  muriatic  acid  is  sometimeB 
expelled  as  well  as  water.  Chloride  of  calcium  is  soluble  in 
alcohol,  and  deliquesces  rapidly  on  exposure  to  the  atmos- 
phere. On  account  of  its  strong  affinity  for  water,  it  is  much 
employed  (o  deprive  gases  and  other  substances  of  their 
moisture.  For  a  like  reason,  it  may  be  used  for  forming 
frigorific  mixtures  with  snow ;  but  for  (his  purpose  crystal* 
lized  muriate  of  lime,  which  contains  six  equivalents  of 
water  of  crystallization,  is  far  preferable. 

Chloride  of  calcium  contains  one  equivalent  of  each  of  its 
elements. 

Chloride  of  Lime. — This  compound,  commoly  called,  ojy- 
muriate  of  lime,  or  bleaching  powder,  is  prepared  by  exposing 
thin  strata  of  recently  slaked  lime  in  fine  powder,  to  an 
atmosphere  of  chlorine.  The  gas  is  absorbed  in  large  quan- 
tity, and  combines  directly  with  the  lime. 

Chloride  of  lime  is  a  dry  white  powder,  which  smells 
faintly.of  chlorine,  and  has  a  strong  taste.  It  dissolves  par- 
tially in  water,  and  the  solution  possesses  powerful  bleaching 
properties,  and  contains  both  chlorine  and  lime ;  while  the 
undissolved  portion  is  hydrate  of  lime,  retaining  a  small 
quantity  of  chlorine.  The  aqueous  solution,  when  exposed 
to  the  atmosphere,  is  gradually  decomposed ;  chlorine  is 
set  free,  and  carbonate  of  lime  generated.  On  boiling  the 
liquid,  muriatic,  and   I  presume  chloric,  acid  are  formed; 


470  CALCIUM. 

valent  of  lime  ^parated  as  an  insoluble  powder.  Dr.  Ure, 
on  the  contrary,  denies  that  bleaching  powder  is  a  didiloridet 
and  maintainfi,  according  to  the  result  of  his  own  analysis, 
that  the  elements  of  this  powder  do  not  constitute  a  regular 
atomic  combination.  He  found  that  the  quantity  of  chlorine 
absorbed  by  hydrate  of  lime  is  variable,  depending  not  only 
on  the  pressure  and  degree  of  exposure,  but  on  the  quantity  of 
water  which  is  present.  The  following  is  the  result  of  his 
analysis  of  three  specimens,  No*  1  being  good  commerdal 
bleaching  powder,  No.  2  made  by  himself  with  pure  proto- 
hydrate  of  lime,  and  No.  3  prepared  by  himself  with  lime 
containing  more  water  than  in  No.  2. 


No.  1. 

No.  2. 

No.  3. 

Chlorine      23 

4032 

39-6 

Lime           46 

45-40 

39-9 

Water         31 

14-28 

20-6 

100  100  100 

The  experiments  of  Dr.  Ure  appear  to  have  been  made 
with  great  care,  and  his  results  to  be  entitled  to  equal  if  not 
greater  confidence  than  those  of  the  other  chemists.  Upon 
the  whole  it  is  probable,  that  common  commercial  bleaching 
powder  consists  of  chloride  of  lime,  a  compound  of  35  45 
parts  or  one  equivalent  of  chlorine,  and  28*5  parts  or  one 
equivalent  of  lime ;  and  that  this,  the  essential  ingredient,  is 
mixed  with  variable  quantities  of  hydrate  of  lime. 

Several  methods  have  been  proposed  for  estimating  the 
value  of  different  specimens  of  chloride  of  lime.  Perhaps  the 
most  convenient  for  the  artist  is  that  of  Welter,  which  consists 
in  ascertaining  the  power  of  the  bleaching  liquid  to  deprive  a 
solution  of  indigo  of  known  strength  of  its  colour ;  and  direc- 
tions have  been  drawn  up  by  Oay-Lussac  for  enabling  manu- 
facturers to  employ  this  method  with  accuracy,  (Annals  ol 
Philosophy,  xxiv,  218.)  For  analytical  purposes,  the  best 
method  is  to  decompose  chloride  of  lime,  confined  in  a  ^ass 
tube  over  mercury,  by  means  of  muriatic  acid.  Muriate  of 
lime  is  generated,  and  the  chlorine  being  set  free,  its  quantity 
may  easily  be  measured. 

Bromide  of  Calcium. — It  was  prepared  by  M.  Henry  by 
the  action  of  hydrate  of  lime  on  protobromide  of  iron.     1 1 
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cryiUUiBce  in  tdcuUr  crystals,  which  are  very  d^quesoent, 
•ad  extremely  soluble  both  in  water  and  alcohoL  Its  taate 
tmemHAn  that  irf  dilmide  of  calcium.  It  ti  putidly  decoio- 
posed  by  heat,  and  coiMBts  q£  one  equlTalent  of  each  of  its 
elemeott. 

Pratotmfyiiiret  ofCatcium  is  procured  by  processes  similar 
to  those  ibr  formiog  sulphuret  of  barium. 

The  phosphorescent  substance  called  Canton't  phospkorua, 
which  is  made  by  exposing  a  mixture  of  calcined  oyster  sfatils 
and  sulphur  to  a  red  heat,  is  supposed  to  be  a  sulphuret  of 
lime;  but  its  real  composition  has  not  been  determined. 

Pkoaphuret  of  Xtme-^This  compound  is  formed  by  passk^ 
the  vapour  of  phosphorus  over  fragments  of  quicklime  at  a 
low  red  beat.  The  true  nature  of  the  product  is  not  known 
with  certainty.  It  is  either  a  phosphuret  of  lime,  or  a  mix- 
ture of  phosphate  of  lime  and  phosphuret  of  calcium.  When 
it  is  put  into  water,  mutual  decomposition  ensues,  and  phos- 
phuretted  hydrognif  hypojdiosphorous  acid,  and  phosphoric 
acid  are  generated. 


-   SECTION   VII. 

MAGNESIUM. 
Tbs  galvanic  researches  of  Sir  H.  Davy  demonstrated  the 
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colour  like  silver,  is  very  malleable,  and  fuses  at  a  red  heat. 
Moist  air  oxidizes  it  superficially ;  but  it  undergoes  no  change 
in  a  dry  air,  and  may  be  boiled  in  water  without  oxidation. 
Heated  to  redness  in  air  or  oxygen  gas  it  bums  with  brilli- 
ancy, yielding  magnesia;  and  it  inflames  spontaneously  in 
chlorine  gas.  It  is  readily  dissolved  by  dilute  acids  with 
disengagement  of  hydrogen,  and  the  solution  is  found  to  con- 
.tain  a  pure  salt  of  magnesia. 

Magnesia,  the  only  known  oxide  of  magnesium,  is  obtained 
by  exposing  carbonate  of  magnesia  to  a  very  strong  red  heat, 
by  which  its  carbonic  acid  is  expelled.  It  is  a  white  friable 
powder,  of  an  earthy  appearance;  and  when  pure,  it  has 
neither  taste  nor  odour.  Its  specific  gravity  is  about  2*3,  and 
it  is  exceedingly  infusible.  It  has  a  weaker  affinity  than  lime 
for  water ;  for  though  it  forms  a  hydrate  when  moistened,  the 
combination  is  efiected  with  hardly  any  disengagement  of 
caloric,  and  the  product  is  readily  decom{x>sed  by  a  red  heat. 
There  probably  exist  several  difierent  compounds  of  water 
and  magnesia,  but  the  native  hydrate  is  the  only  one  known 
with  certainty.  According  to  the  analysis  of  Stromeyer,  this 
hydrate  contains  one  equivalent  of  each  of  its  constituents ; 
and  the  results  of  the  analyses  of  Berzelius  and  Dr.  Fyfe 
accord  very  nearly  with  this  proportion. 

Magnesia  dissolves  very  sparingly  in  water.  According  to 
Dr.  Fyfe,  it  requires  5142  times  its  weight  of  water  at  60°, 
and  36,000  of  boiling  water  for  solution.  The  resulting 
liquid  does  not  change  the  colour  of  violets ;  but  when  pure 
magnesia  is  put  upon  moistened  turmeric  paper,  it  caused 
a  brown  stain.  From  this  there  is  no  doubt  that  the  inaction 
of  magnesia  with  respect  to  vegetable  colours,  when  tried  in 
the  ordinary  mode,  is  owing  to  its  insolubility. — It  possesses 
the  still  more  essential  character  of  alkalinity,  that,  namely, 
of  forming  neutral  salts  with  acids,  in  an  eminent  degree. 
It  absorbs  both  water  and  carbonic  acid  when  exposed  to  the 
atmosphere,  and  therefore  should  be  kept  iu  well-closed 
phials. 

All  chemists  agree  that  magnesia  is  the  protoxide  of  mag- 
nesium, and  according  to  a  careful  experiment  of  Berzelius, 
made  by  converting  a  given  weight  of  pure  magnesia  into 
sulphate,  20*7  may  be  taken  as  its  equivalent.     Hence  mag- 
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netia  is  inferred  to  consiBt  of  12*7  parts  or  one  equivalent  of 
magneaum,  and  8  parts  or  one  equivalent  of  oxygen.  De- 
noting the  metal  by  Mg,  the  formula  of  magnesia  is  Mg+0, 
or  Mg. 

Magnesia  is  characterized  by  the  following  properties. 
With  nitric  and  muriatic  acids  it  forms  salts  which  are 
soluble  in  alcohol,  and  exceedingly  deliquescent.  The  sul- 
phate of  magnesia  is  very  soluble  in  water,  a  circumstance 
by  which  it  is  distinguished  from  the  other  alkaline  earths. 
Magnesia  is  precipitated  from  its  salts  as  a  bulky  hydrate  by 
the  pure  alkalies.  It  is  precipitated  as  carbonate  of  mag- 
nesia, by  the  carbonates  of  potash  and  soda;  but  the  bicar- 
bonates,  and  the  common  carbonate  of  ammonia,  do  not  pre- 
cipitate it  in  the  cold.  If  moderately  diluted,  the  salts  of 
magnena  are  not  precipitated  by  oxalate  of  ammonia.  By 
means  of  this  reagent  magnesia  may  be  both  distinguished 
and  separated  from  lime. 

Chloride.— This  compound  may  be  prepared  by  transmit- 
ting dry  chlorine  gas  over  a  mixture  of  magnesia  and  char- 
coal ;  but  Liebig  has  given  an  easier  process,  which  condsts 
in  mixing  equal  weights  of  dry  muriate  of  magnesia  and  sal- 
ammoniac,  and  projecting  the  mixture  in  successive  portions 
into  a  platinum  crucible  kept  at  a  red  heat.  As  soon  as  the 
ammoniacal  salt  is  wholly  expelled  the  fused  chloride  of  mag- 
nesium is  left  in  a  state  of  tranquil  fusion,  and  on  cooling 
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CLASS    I. 
ORDER  III. 

METALLIC  BASES  OF  THE  EARTHS. 

SECTION  VIII. 

ALUMINIUM. 

That  alumina  is  an  oxidized  body  was  proved  by  Sir  H. 
Davy,  who  found  that  potash  is  generated  when  the  vapour 
of  potassium  is  brought  into  contact  with  pure  alumina  heated 
to  whiteness ;  and  it  was  inferred,  chiefly  by  analogical  reo^ 
soning,  to  be  a  metallic  oxide.  The  propriety  of  this  in- 
ference has  been  demonstrated  by  Wohler,  who  has  pro- 
cured aluminium^  the  metallic  base  of  aluminai  in  a  pure 
state.     (Edinburgh  Journal  of  Science,  No.  xvii.  178.) 

The  preparation  of  this  metal  depends  on  the  property 
which  potassium  possesses,  of  decomposing  the  chloride  of 
aluminium.  Decomposition  is  effected  by  aid  of  a  moderate 
increase  of  temperature;  but  the  action  is  so  violent,  and 
accompanied  with  such  intense  disengagement  of  heat  and 
light,  that  the  process  cannot  be  safely  conducted  in  glass 
vessels.  Wohler  succeeded  in  effecting  the  decomposition  in 
a  platinum  crucible,  retaining  the  cover  in  its  place  by  a 
piece  of  wire.  The  heat  developed  during  the  action  was  so 
great,  that  the  crucible,  though  but  gently  heated  externally, 
suddenly  became  red  hot.  The  platinum  is  scarcely  attacked 
during  the  process ;  but  to  prevent  the  possibility  of  error 
from  this  source,  the  decomposition  was  effected  in  a  crucible 
of  porcelain.  The  potassium  employed  for  the  purpose 
should  be  quite  free  from  carbon,  and  the  quantity  operated 
on  at  one  time  not  exceed  the  size  of  ten  peas.  The  heat 
was  applied  by  means  of  a  spirit  lamp,  and  continued  until 
the  action  was  completed.  The  proportion  of  the  materials 
requires  to  be  carefully  adjusted ;  for  the  potassium  should 
be  in  such  quantity  as  to  prevent  any  chloride  of  aluminium 
from  subliming  during  the  process,  but  not  so  much  as  to 
yield  an  alkaline  solution  when  the  product  is  put  into  water. 
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Tbe  matto-  coataioed  in  the  crucible  at  Ibe  dose  of  the  open. 
tion  ii  in  goieral  completely  fused,  and  of  a  dark  gray  colour. 
When  quite  cold,  the  crucible  is  put  into  a  large  glau  full  of  ~ 
water,  in  which  the  ealine  matter  is  dissolved,  with  iligbt  dia. 
engagement  of  hydrogen  of  an  ofiendTe  odour ;  and  ■  gray 
powder  separates,  which  on  close  inspection,  espedally  in 
sunshine,  is  found  to  consist  solely  of  minute  scales  of  metaL 
After  being  well  washed  with  cold  water,  it  is  pure  alumi- 
'  nium.  The  solution  is  neutral,  and  contains  a  quantity  of 
alumina,  owing  to  a  combination  being  formed  between  chlo- 
ride of  aluminium  and  chloride  of  potassium  during  tbe 
action. 

Aluminium,  as  thus  formed,  is  a  gray  powder,  very  simi. 
lar  to  that  of  platinum.  It  is  generally  in  small  scales  or 
spangles  of  a  metallic  lustre;  and  sometimes  small,  slightly 
ct^ierent,  spongy  masses  are  observed,  which  in  some  places 
have  the  lustre  and  white  colour  of  tin.  The  same  appear- 
ance is  rendered  perfectly  distinct  by  pressure  on  stee),  or  in 
an  agate  mortar ;  so  that  tbe  lustre  of  aluminium  is  decidedly 
metallic  In  its  fused  state  it  is  a  conductor  of  electricity, 
though  it  does  not  possess  this  property  when  in  the  form  of 
powder.  This  remark,  of  a  metal  conducting  the  electric 
fluid  in  one  state  and  not  in  another,  is  very  instructive ; 
and  Wiihler  observed  an  instance  of  the  same  kind  in  iron, 
which  in  tbe  state  of  fine  powder  is  a  non-conductor  c^  elec- 
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evaporation.  On  heating  the  water  to  near  its  boiling  point, 
oxidation  of  the  metal  commences,  with  feeble  disengagement 
of  hydrogen  gas,  the  evolution  of  which  continues  even  long 
after  cooling,  but  at  length  wholly  ceases.  The  oxidation, 
however,  is  very  slight;  and  even  after  continued  ebullition, 
the  smallest  particles  of  aluminium  appear  to  have  suffered 
scarcely  any  change. 

Aluminium  is  not  attacked  by  concentrated  sulphuric  or 
nitric  acid  at  common  temperatures.  In  the  former,  with  the 
aid  of  heat,  it  is  rapidly  dissolved  with  disengagement  of  sul- 
phurous acid  gas.  In  dilute  muriatic  and  sulphuric  acid  it  is 
dissolved  with  evolution  of  hydrogen  gas.  It  is  easily  and 
completely  dissolved  even  by  a  dilute  solution  of  potash,  hy- 
drogen gas  being  evolved  at  the  same  time.  Ammonia  pro- 
duces a  similar  effect,  and  renders  soluble  a  large  quantity  of 
alumina.  The  hydrogen  gas  which  makes  its  appearance  is 
of  course  derived  from  water,  the  oxygen  of  which  combines 
with  aluminium. 

Alumina  is  one  of  the  most  abundant  productions  of  nature. 
It  is  found  in  every  region  of  the  globe,  and  in  rocks  of  all 
ages,  being  a  constituent  of  the  oldest  primary  mountains,  of 
the  secondary  strata,  and  of  the  most  recent  alluvial  deposi- 
tions. The  different  kinds  of  clay  of  which  bricks,  pipes,  and 
earthen-ware  are  made,  consist  of  hydrate  of  alumina  in  a 
greater  or  less  degree  of  purity.  Though  this  earth  com- 
monly appears  in  rude  amorphous  masses,  it  is  sometimes 
found  beautifully  crystallised. — The  ruby  and  the  sapphire, 
two  of  the  most  beautiful  gems  with  which  we  are  acquainted, 
are  composed  almost  solely  of  alumina. 

Pure  alumina  is  prepared  from  alum,  sulphate  of  alumina 
and  potash.  This  salt,  as  purchased  in  the  shops,  is  fre- 
quently contaminated  with  oxide  of  iron,  and  consequently 
unfit  for  many  chemical  purposes ;  but  it  may  be  separated 
from  this  impurity  by  repeated  crystallization.  The  absence 
of  iron  is  proved  by  the  alum  being  soluble  without  residue 
in  a  solution  of  pure  potash  ;  whereas  when  oxide  of  iron  is 
present,  it  is  either  left  undissolved  in  the  first  instance,  or 
deposited  after  a  few  hours  in  yellowish  brown  flocks.  Any 
quantity  of  purified  alum  is  dissolved  in  four  or  five  times  its 
weight  of  boiling  water,  a  slight  excess  of  carbonate  of  potash 
added,  and   after   digesting  for  a  few  minutes,   the  bulky 
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hydrate  of  alumina  is  collected  on  a  filter,  and  well  washed 
with  hot  water.  It  is  necessary  in  this  operation  to  digest 
and  employ  an  excess  of  alkali ;  since  otherwise  the  precipi- 
tate would  retain  some  sulphuric  acid  in  the  form  of  a  sub- 
sulphate.  But  the  alumina,  as  thus  prepared,  is  not  yet 
quite  pure  ;  for  it  retains  some  of  the  alkali  with  such  force, 
that  it  cannot  be  separated  by  the  action  of  water.  For  this 
reason  the  precipitate  must  be  re-dissolved  in  dilute  muriatic 
acid,  and  thrown  down  by  means  of  pure  ammonia  or  its  car- 
bonate. This  precipitate,  after  being  well  washed  and  ex- 
posed to  a  white  heat,  yields  pure  anhydrous  alumina.  Am- 
monia cannot  be  employed  for  precipitating  aluminous  earth 
directly  from  alum,  because  sulphate  of  alumina  is  not  com- 
pletely decomposed  by  this  alkali.  (Berzelius.)  Ap  eader 
process,  proposed  by  Gay~Lussac,  is  to  expose  sulphate  of 
alumina  and  ammonia  to  a  strong  heat,  so  as  to  expel  the 
ammonia  and  sulphuric  add. 

Alumina  has  neither  taste  nor  smell,  and  is  quite  insoluble 
in  water.  It  is  very  infusible,  though  less  so  than  lime  or 
magnesia.  It  has  a  powerful  affinity  for  water,  attracting 
moisture  from  the  atmosphere  with  avidity ;  and  for  a  like 
reason,  it  adheres  tenaciously  to  the  tongue  when  applied  to 
it.  Mixed  with  a  due  proportion  of  water,  it  yields  a  soft 
cohesive  mass,  susceptible  of  being  moulded  into  regular 
forms,  a  property  upon  which  depends  its  employment  in  the 
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is  the  correct  equivaknt  of  alumina.    The  same  diaootdaDce 
prevails  in  regard  to  its  composition ;  Dr.  Thomson  oonaders 
alumina  to  consist  of  1  atom  of  aluminium  and  1  atom  of 
oxygen ;  while  Berzelius  believes  it  to  be  composed  of  2  atoms 
of  the  metal  to  3  atoms  of  oxygen.    The  argument  of  Berzelius 
is  founded  on  the  close  similarity  in  form  and  character  be* 
tween  the  compounds  of  alumina  and  peroxide  of  iron^  in  con* 
sequence  of  which  he  argues  that  the  former  most  have  the 
same  atomic  constitution  as  the  latter ;  and  as  the  peroxide  of 
iron  is  admitted  to  consist  of  2  atoms  of  iron  and  3  atoms  of 
oxygen,  the  same  view,  he  ccmtends,  should  be  applied  to 
alumina.      This  mode  of  reasoning,  justified  as  it  is  by  a 
large  and  increasing  collection  of  facts,  establishes  a  decided 
preference  in  favour  of  the  opinion  of  Berzelius.     I  shall 
therefore  adopt  13*7  as  the  equivalent  of  aluminium,  and  con- 
sider alumina  as  a  compound  of  13*7  parts  or  1  eq.  of  alumi- 
nium, and  12  parts  or  1^  eq.  of  oxygen,  so  that  its  equivalent 
will  be  26*7.    Denoting  1  eq.  of  the  metal  by  Al,  and  2  equiva- 
lents by  Al,  the  formula  of  alumina  will  be  Al  +  l^O,  or 

4(A1) 

Alumina  most  probably  forms  several  difierent  hydrates  with 
water,  and  two  have  been  described  by  Dr.  Thomson.  One 
of  these,  apparently  composed  of  three  equivalents  of  water 
to  one  of  alumina,  so  that  its  formula  is  i(Al)+3H,  was 
procured  by  exposing  precipitated  alumina  for  the  space  ot 
two  months  to  a  dry  air,  the  temperature  of  which  did  not 
exceed  60°  F.  The  other  is  a  sesqui-hydrate  prepared  by 
drying  the  preceding  at  a  heat  of  about  100°  F.,  and  its  for- 
roula  is  therefore  tl(Al)+li  H.  The  mineral  called  Gibbsite 
has  a  similar  composition. 

Alumina  is  easily  recognised  by  the  following  characters. 
1.  It  is  separated  from  acids,  as  a  hydrate,  by  all  the  alkaline 
carbonates,  and  by  pure  ammonia.  2.  It  b  precipitated  by 
pure  potash  or  soda,  but  the  precipitate  is  completely  rfr4is- 
scdved  by  an  excess  of  the  alkali. 

Chloride  of  Aluminium. — This  compound  was  discovered 
some  years  ago,  by  Professor  Oersted,  by  traosmittifig  dry 
chlorine  gas  over  a  mixture  of  alumina  and  charooal  heated  to 
redness.  By  acting  on  this  substance  with  an  amalgam  of 
potassium  and  expelling  the  mercury  by  heat,  be  obtained 
metallic  matter,  which  he  bdieved  to  be  aluminium  ;  but  not 
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having  leisure  to  pursue  the  inquiry  himself,  he  requested 
Wbhler  to  investigate  the  subject.  Wohler  did  not  arrive 
at  any  satisfactory  conclusion  by  the  method  suggested  by 
Oersted ;  but  met  with  complete  success  by  means  of  pure 
potassium,  as  already  described. 

To  procure  chloride  of  aluminium,  Wohler  precipitated 
aluminous  earth  from  a  hot  solution  of  alum  by  means  of 
potash,  and  mixed  the  hydrate,  when  dry,  with  pulverized 
charcoal,  sugar,  and  oil,  so  as  to  form  a  thick  paste,  which 
was  heated  in  a  covered  crucible  until  all  the  organic  matter 
was  destroyed.  By  this  means  the  alumina  was  brought  into 
a  state  of  intimate  mixture  with  finely  divided  charcoal,  and 
while  yet  hot,  was  introduced  into  a  tube  of  porcelain,  fixed 
in  a  convenient  furnace.  After  expelling  atmospheric  air 
from  the  interior  of  the  apparatus  by  a  current  of  dry  chlorine 
gas,  the  tube  was  brought  to  a  red  heat.  The  formation  of 
chloride  of  aluminium  then  commenced,  and  continued,  with 
disengagement  of  carbonic  oxide  gas,  during  an  hour  and  a 
half,  when  the  tube  became  impemous  from  sublimed  chlo^ 
ride  of  aluminium  collected  within  it.  The  process  was  then 
necessarily  discontinued. 

As  thus  formed,  chloride  of  aluminium  is  of  a  pale  greenish 
yellow  colour,  partially  translucent,  and  of  a  highly  crystalline 
lamellated  texture,  somewhat  like  talc»  but  without  regular 
crystals.  On  exposure  to  the  air  it  fumes  slightly,  emits  an 
odour  of  muriatic  add  gas,  and,  deliquescing,  yidds  a  clear 
liquid.  When  thrown  into  water,  it  is  speedily  dissolved 
with  a  hissing  noise ;  and  so  much  heat  is  evolved  that  the 
water,  if  in  small  quantity,  is  brought  into  a  state  of  brisk 
ebullition.  The  solution  is  the  common  muriate  of  alumina, 
formed  by  decomposition  of  water.  According  to  Oersted  it 
is  volatile  at  a  temperature  a  little  higher  than  212^,  and 
fuses  nearly  at  the  same  degree. 

Sulphuret  of  Aluminium. — Sulphur  may  be  distilled  from 
aluminium  without  combining  with  it ;  but  if  a  piece  of  suU 
phur  is  dropped  on  aluminium  when  strongly  incandescent, 
so  that  it  may  be  enveloped  in  an  atmosphere  of  the  vapour 
of  sulphur,  the  union  is  ejETected  with  vivid  emission  of  light. 
The  resulting  sulphuret  is  a  partially  vitrified,  semi- metallic 
mass,  which  acquires  an  iron-black  metallic  lustre  when  bur- 
nished.   On  exposure  to  the  air  it  emits  a  strong  odour  of 
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sulphuretted  hydrogen,  swells  up  gradually,  and  falls  into  a 
gray  powder,  sulphuretted  hydrogen  gas  and  alumina  being 
obviously  generated  at  the  expense  of  the  watery  vapour 
floating  in  the  atmosphere.  Applied  to  the  tongue,  it  excites 
a  pricking  warm  taste  of  sulphuretted  hydrogen.  When 
thrown  into  pure  water  sulphuretted  hydrogen  gas  is  rapidly 
disengaged,  and  gray  alumina  deposited. 

Wohler  finds  that  sulphuret  of  aluminium  cannot  be  gene- 
rated by  the  action  of  hydrogen  gas  on  sulphate  of  alumina 
at  a  red  heat ;  for  in  that  case  all  the  acid  is  expelled,  with- 
out the  aluminous  earth  being  reduced. 

Phosphuret  of  Aluminium, — When  aluminium  is  heated 
to  redness  in  contact  with  the  vapour  of  phosphorus,  it  takes 
fire,  and  emits  a  brilliant  light.  The  product  is  described  by 
Wohler  as  a  blackish  gray  pulverulent  mass,  which  by  fric- 
tion acquires  a  dark  gray  metallic  lustre,  and  in  the  air 
smells  instantly  of  phosphuretted  hydrogen.  By  the  action 
of  water  alumina  and  phosphuretted  hydrogen  gas  are  gene- 
rated, but  the  latter  is  not  spontaneously  explosive.  The 
effervescence  is  less  rapid  than  with  the  sulphuret,  but  is  in- 
creased by  heat. 

Seleniuret  of  Aluminium. — This  compound  is  formed,  with 
disengagement  of  heat  and  light,  by  heating  to  redness  a 
mixture  of  selenium  and  aluminium.  The  product  is  black, 
and  pulverulent,  and  assumes  a  dark  metallic  lustre  when 
rubbed.  In  the  air  it  emits  a  strong  odour  of  seleniuretted 
hydrogen ;  and  this  gas  is  rapidly  disengaged  by  the  action 
of  water,  which  is  speedily  reddened  by  the  separation  of 
selenium. 

SECTION  IX. 

GLUCINIUM,  YTTRIUM,  THORIUM,  ZIRCONIUM. 

GLUCINIUM. 

GlucinOf  which  was  discovered  by  Vauquelin  in  the  year 
1798,  has  hitherto  been  found  only  in  three  rare  minerals, 
euclase,  beryl,  and  emerald.  It  is  the  oxide  of  a  metal  which 
Wohler  succeeded  in  preparing  in  the  year  1828  by  a  process 
exactly  similar  to  that  described  in  the  last  section.  Chloride 
of  glucinium  is  readily  attacked  by  potassium  when  heated  with 
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the  flame  of  a  spirit-lamp,  and  the  decomposition  is  attended 
with  intense  heat.     After  removing  the  resulting  chloride  of 
potassium  by  cold  water,  the  glucinium  appears  in  the  form  of 
a  grayish  black  powder,  which  acquires  a  dark  metallic  lustre 
by  burnishing.     It  may  be  exposed  to  air  and  moisture,  or 
be  even  boiled  in  water,  without  oxidation.     When  heated  in 
the  open  air,  it  takes  fire  and  bums  with  a  most  vivid  light ; 
and  in  oxygen  gas  the  combustion  is  attended  with  extra- 
ordinary splendour.     The  product  in  both  cases  is  glucina, 
which  is  not  at  all  fused  by  the  intense  heat  that  accompanied 
its  formation.     The  metal  is  readily  oxidized  and  dissolved  in 
sulphuric,  nitric,  or  muriatic  acid  with  the  aid  of  heat ;  and 
the  same  ensues  with  disengagement  of  hydrogen  gas,  in  so- 
lution of  potash.     It  is  not  attacked,  however,  by  pure  am- 
monia.   When  moderately  heated  in  chlorine  gas,  it  bums 
with  great  splendour,  and  a  crystallized  chloride  sublimes. 
Similar  phenomena  ensue  in   the  vapour  of  bromine  and 
iodine ;  and  it  unites  readily  with  sulphur,  selenium,  phos- 
phorus, and  arsenic.     (Phil.  Mag.  and  Annals,  v.  392.) 

Glucina  is  commonly  prepared  from  beryl,  in  which  it 
exists  to  the  extent  of  about  14  per  cent,  combined  with 
silica  and  alumina.  In  order  to  procure  it  in  a  separate 
state,  the  mineral  is  reduced  to  an  exceedingly  fine  powder, 
mixed  with  three  times  its  weight  of  carbonate  of  potash,  and 
exposed  to  a  strong  red  heat  for  half  an  hour,  so  that  the 
mixture  may  be  fused.  The  mass  is  then  dissolved  in  dilute 
muriatic  acid,  and  the  solution  evaporated  to  perfect  dryness ; 
by  which  means  the  silica  is  rendered  quite  insoluble.  The 
alumina  and  glucina  are  then  redissolved  in  water  acidulated 
with  muriatic  acid,  and  thrown  down  together  by  pure  am- 
monia. The  precipitate,  after  being  well  washed,  is  mace- 
rated with  a  large  excess  of  carbonate  of  ammonia,  by  which 
glucina  is  dissolved ;  and  on  boiling  the  filtered  liquid,  car- 
bonate of  glucina  subsides.  By  means  of  a  red  heat  its  car- 
bonic acid  is  entirely  expelled. 

Olucina  is  a  white  powder,  which  has  neither  taste  nor 
odour,  and  is  quite  insoluble  in  water.  Its  specific  gravity 
18  3.  Vegetable  colours  are  not  afiected  by  it.  The  salts 
which  it  forms  with  acids  have  a  sweetish  taste,  a  circum- 
stance which  distinguishes  glucina  from  other  earths,  and 
from  which  its  name  is  derived.      (From  yXtixvf,   sweet.) 

2  I 
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According  to  the  experiments  of  Berzelius,  26-7  is  the  equi- 
valent of  glucina ;  and  therefore  if  glucina  is  a  protoxide* 
17*7  is  the  equivalent  of  glucinium. 

Glucina  may  be  known  chemically  by  the  following  cha- 
racters. 1.  Pure  potash  or  soda  precipitates  glucina  from  its 
salts,  but  an  excess  of  the  alkali  redissolves  it.  2.  It  is  pre^ 
cipitated  permanently  by  pure  ammonia  as  a  hydrate,  and  by 
fixed  alkaline  carbonates  as  a  carbonate  of  glucina.  3.  It  is 
dissolved  completely  by  a  cold  solution  of  carbonate  of  am- 
monia, and  is  precipitated  from  it  by  boDing.  By  means  of 
this  property,  glucina  may  be  both  distinguished  and  sepa- 
rated from  dumina. 

YTTRIUM. 

Yttrium  is  the  metallic  base  of  an  earth  which  was  dis- 
covered in  the  year  1794  by  Professor  Oadolin,  in  a  mineral 
found  at  Ytterby  in  Sweden,  from  which  it  received  the  name 
of  Yttria.  The  metal  itself  was  prepared  by  Wohler  in  1828 
by  a  process  similar  to  that  above  described.  Its  texture,  by 
which  it  is  distinguished  from  glucinium  and  aluminium,  is 
scaly,  its  colour  grayish-black,  and  its  lustre  perfectly  me- 
tallic.  In  colour  and  lustre  it  is  inferior  to  aluminium,  bear* 
ing  in  these  respects  nearly  the  same  relation  to  that  metal, 
as  iron  does  to  tin.  It  is  a  brittle  metal,  while  aluminium  is 
ductile.  It  is  not  oxidized  either  in  air  or  water ;  but  when 
heated  to  redness,  it  bums  with  splendour  even  in  atmo- 
spheric air,  and  with  far  greater  brilliancy  in  oxygen  gas. 
The  product,  yttria,  is  white,  and  shows  unequivocal  marks 
of  fusion.  It  dissolves  in  sulphuric  add,  and  also,  thou^ 
less  readily,  in  solution  of  potash ;  but  it  is  not  attacked  by 
ammonia.  It  combines  with  sulphur,  selenium,  and  phoa- 
phorus.     (Phil.  Mag.  and  Annals,  v.  393.) 

The  salts  of  yttria  have  in  general  a  sweet  taste,  and  the 
sulphate,  as  well  as  many  of  its  salts,  has  an  amethyst  colour. 
It  is  precipitated  as  a  hydrate  by  the  pure  alkalies,  and  is  not 
redissolved  by  an  excess  of  the  precipitant ;  but  alkaline  car- 
bonates, especially  that  of  ammonia,  dissolve  it  in  the  cold, 
though  less  freely  than  glucina,  and  carbonate  of  yttria  is 
precipitated  by  boiling.  Of  all  the  earths  it  bears  the  closest 
resemblance  to  glucina ;  but  it  is  readily  distinguished  from 
it  by  the  colour  of  its  sulphate^  by  its  insolubility  in  pure 


potash,  and  by  yi^ing  a  precipitate  wilh  ferrocyanate  of 
potash.  (Berzelius.)  The  equivalent  of  yttriuaij  as  deduced 
by  Berzelius,  is  32-2 ;  and  that  of  yttria,  vhich  is  probably  a 
protoxide,  is  40-2. 

THORIUM. 
The  earthy  substance  formerly  called  thorina,  was  found 
by  Berzelius  to  be  phosphate  of  yttria;  but  during  last  year 
he  discovered  a  new  earth,  so  similar  in  some  respects  to  what 
was  formerly  called  thorina,  that  he  applied  this  term  to  the 
new  substance.  Thorina  was  procured  from  a  rare  Norwe- 
gian mineral,  now  called  thorite,  which  was  sent  to  Berzelius 
by  M.  Esmark.  It  constitutes  57-91  per  cent  of  the  mineral, 
and  occurs  in  the  form  of  a  hydrated  silicate  of  thorina.  In 
order  to  prepare  thorina,  the  mineral  is  reduced  to  powder, 
and  digested  in  muriatic  add;  when  a  gelatinous  mass  is  form- 
ed, from  which  silica  is  separated  by  evaporating  to  dryness, 
and  dissolving  the  soluble  parts  in  dilute  add.  The  solution 
is  then  freed  from  lead  and  tin,  which  occur  in  thorina  along 
with  several  impurities,  by  sulphuretted  hydrogen,  and  the 
earths  ore  thrown  down  by  pure  ammonia.  The  predpitate, 
aAer  being  well  washed,  is  dissolved  in  dilute  sulphuric  acid, 
and  the  solution  evaporated  at  a  high  temperature  till  only  a 
small  quantity  of  fluid  remains.     During  the  evaporation  the 
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Teadily  dissolved  with  disengagement  of  hydrogen  gas,  by 
muriatic  acid. 

Thorina,  when  formed  by  the  oxidation  of  thorium,  or 
after  being  strongly  heated,  is  a  white  earthy  substance,  of 
specific  gravity  9*402,  and  insoluble  in  all  the  acids  except 
the  sulphuric ;  and  it  dissolves  even  in  that  with  difficulty. 
It  is  precipitated  from  its  solutions  by  the  caustic  alkalies  as 
a  hydrate,  and  in  this  state  absorbs  carbonic  acid  from  the 
atmosphere,  and  dissolves  readily  in  acids.  All  the  alkaline 
carbonates  dissolve  the  hydrate,  carbonate,  and  sub-salts  of 
thorina.  Its  exact  composition  is  not  known ;  but  its  equi- 
valent is  about  67*6. 

Thorina  is  distinguished  from  alumina  and  glucina  by  its 
insolubility  in  pure  potash;  from  yttria  by  forming  with  sul- 
phate of  potash  a  double  salt  which  is  quite  insoluble  in  a 
cold  saturated  solution  of  sulphate  of  potash  ;  and  from  zir- 
conia  by  the  circumstance  that  this  earth,  after  being  precipi- 
tated from  a  hot  solution  of  sulphate  of  potash,  is  almost  in- 
soluble in  water  and  the  acids.  Thorina  is  precipitated,  also, 
by  ferrocyanate  of  potash,  which  does  not  separate  zirconia 
from  its  solutions.  Berzelius  has  remarked  that  sulphate  of 
thorina  is  much  more  soluble  in  cold  than  in  hot  water, 
BO  that  a  cold  saturated  solution  becomes  turbid  when  heat- 
ed, and  in  cooling  recovers  its  transparency. 

Chloride  of  thorium  is  readily  prepared  by  carbonizing  an 
intimate  mixture  of  thorina  and  sugar  in  a  covered  platinum 
crucible,  and  then  exposing  the  residue  at  a  red  heat  in  a 
porcelain  tube  to  a  current  of  dry  chlorine.  The  chloride, 
possessing  but  little  volatility,  collects  in  the  tube  just  be- 
yond the  ignited  part  in  the  form  of  a  partially  fused,  crys- 
talline, white  mass.  It  is  soluble  in  water  with  considerable 
rise  of  temperature. 

When  thorium  is  heated  in  the  vapour  of  sulphur,  the 
phenomena  of  combustion  ensue  with  the  same  brilliancy  as 
in  air,  and  a  sulphuret  results.  A  phosphuret  may  be  form- 
ed by  a  similar  process. 

ZIRCONIUM. 

The  experiments  of  Sir  H.  Davy  proved  ziroonia  to  be  an 
oxidized  body,  and  afforded  a  presumption  that  its  base,  ztr- 
conium^  is  of  a  metallic  nature.     The  decomposition  of  this 
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earth,  however,  had  not  been  effected  in  a  satisfactory  man- 
ner till  the  year  1824,  when  Berzelius  succeeded  in  obtaining 
zirconium  in  an  insulated  state. 

Zirconium  is  procured  by  heating  a  mixture  of  potassium 
and  hydrofluate  of  zirconia  and  potash,  carefully  dried,  in  a 
tube  of  glass  or  iron,  by  means  of  a  spirit-lamp.  The  reduc- 
tion takes  place  at  a  temperature  below  redness,  and  without 
emission  of  light.  The  mass  is  then  washed  with  boiling 
water,  and  afterwards  digested  for  some  time  in  dilute  muria- 
tic acid.     The  residue  is  pure  zirconium. 

Zirconium,  thus  obtained,  is  in  the  form  of  a  black  powder, 
which  may  be  boiled  in  water  without  being  oxidized,  and  is 
attacked  with  difficulty  by  sulphuric,  muriatic,  or  nitro-muri- 
atic  acids ;  but  it  is  dissolved  readily,  and  with  disengagement 
of  hydrogen  gas,  by  hydrofluoric  acid.  Heated  in  the  open 
air  it  takes  fire  at  a  temperature  far  below  luminousness, 
burns  brightly,  and  is  converted  into  zirconia.  Its  metallic 
nature  seems  somewhat  questionable.  It  may  indeed  be 
pressed  out  into  thin  shining  scales  of  a  dark  gray  colour,  and 
of  a  lustre  which  may  be  called  metallic ;  but  its  particles 
cohere  together  very  feebly,  and  it  has  not  been  procured  in  a 
state  capable  of  conducting  electricity.  These  points,  how- 
ever, require  further  investigation  before  a  decisive  opinion 
on  the  subject  can  be  adopted.     (Pog.  Annalen,  iv.) 

Zirconia  was  discovered  in  the  year  1789  by  Klaproth  in 
the  Jargon  or  Zircon  of  Ceylon,  and  has  since  been  found  in 
the  Hyacinth  from  Expailly  in  France.  It  is  an  earthy  sub- 
stance, resembling  alumina  in  appearance,  of  specific  gravity 
4*3,  having  neither  taste  nor  odour,  and  quite  insoluble  in 
water.  It  is  so  hard  that  it  will  scratch  glass.  Its  colour, 
when  pure,  is  white ;  but  it  has  frequently  a  tinge  of  yellow, 
owing  to  the  presence  of  iron,  from  which  it  is  separated  with 
great  difficulty.  It  phosphoresces  vividly  when  heated 
strongly  before  the  blowpipe.  Its  salts  are  distinguished 
from  those  of  alumina  or  glucina  by  being  precipitated  by  all 
the  pure  alkalies,  in  an  excess  of  which  it  is  insoluble.  The 
alkaline  carbonates  precipitate  it  as  carbonate  of  zirconia,  and 
a  small  portion  of  it  is  redissolved  by  an  excess  of  the  preci- 
pitant, especially  when  a  bicarbonate  is  employed.  It  differs 
from  all  the  earths,  except  thorina,  in  being  precipitated  when 
any  of  its  neutral  salts  are  boiled  with  a  saturated  solution  of 
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sulphate  of  potash,  the  ziroonia  subsiding  as  a  sub-aalt^  and 
the  potash  remaining  in  solution  as  a  bisulpbate.  Ziroonia  is 
precipitated  from  its  salts  by  pure  ammonia  as  a  bulkj  hy- 
drate, which  is  readily  soluble  in  acids;  but  if  this  hydrate 
is  ignitedy  dried,  or  even  washed  with  boiling  water,  it  after- 
wards resists  the  action  of  the  adds,  and  is  dissolved  by  them 
with  great  difficulty.  Strong  sulphuric  acid  is  then  its  best 
solvent.  (Berzelius.)  When  hydrated  ziroonia  is  heated  to 
commencing  redness,  it  parts  with  its  water,  and  soon  after 
emits  a  very  vivid  glow  for  a  short  time.  This  phenomenon 
appears  to  depend  upon  the  particles  of  the  zirconia  suddenlv 
approaching  each  other,  and  thus  acquiring  much  greater 
density  than  it  previously  possessed.  Oxide  of  chromium, 
titanic  acid,  and  several  other  compounds,  afiPord  instances  of 
the  same  appearance ;  and  whenever  it  takes  place,  the  sus- 
ceptibility of  the  substance  to  be  attacked  by  fluid  reagents 
is  greatly  diminished.    (Berzelius.) 

The  composition  of  zirconia  has  not  yet  been  satisfactorily 
determined.  From  some  analyses  by  Berzelius,  described  in 
the  Essay  above  referred  to,  it  is  probable  that  the  atomic 
weight  of  this  earth  is  about  SO  or  33. 

Sulphuret  of  Zirconium. — ^This  compound  may  be  prepared, 
according  to  Berzelius,  by  heating  zirconium  with  sulphur 
in  an  atmosphere  of  hydrogen  gas ;  and  the  union  is  eff^ted 
with  feeble  emission  of  light  The  product  is  pulverulent,  a 
non-conductor  of  electricity,  of  a  dark  chesnut-brown  colour, 
and  without  lustre.  It  is  insoluble  in  sulphuric,  nitric,  and 
muriatic  acid;  and  it  is  slowly  attacked  by  nitro-muriatic 
acid,  even  with  the  aid  of  heat.  It  is  readily  dissolved  by 
hydrofluoric  acid«  with  disengagement  of  hydrogen  gas. 


SECTION  X. 

SILICIUM. 

'  That  silica  or  siliceous  earth  is  composed  of  a  combustible 
body  united  with  oxygen,  was  demonstrated  by  Sir  H.  Davy ; 
for  on  bringing  the  vapour  of  potassium  in  contact  with  pure 
silica  heated  to  whiteness,  a  compound  of  silica  and  potash 
resulted,  through  which  was  diffused  the  inflammable  base  of 
silica  in  the  form  of  black  particles  like  plumbago.    To  this 
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Hibetancc^  on  the  supposition  of  its  being  a  metal,  the  term 
n/wtHm  was  applied.  But  though  this  view  has  been  adopted 
by  most  chemists,  so  little  was  known  with  certainty  con- 
cerning the  real  nature  of  the  base  of  silica,  that  Dr.  Tbomsoa 
iudined  to  the  opinion  of  its  being  a  non-metallic  body,  and 
accordingly  associated  it  in  his  system  of  chemistry  with 
carbon  and  boron  under  the  name  of  silicon.  The  recent 
researches  of  Berzelius  appear  almost  decisive  of  this  <{uefltion. 
A  substance  which  wants  the  metallic  lustre,  and  is  a  non- 
conductor of  electricity,  cannot  be  regarded  as  a  metal.  It 
may  not  be  improper,  however,  to  have  the  absence  of  these 
qualities  more  completely  ascertained,  before  separating  silica 
from  a  cUss  of  bodies  with  which,  in  several  respects,  it  is  so 
nearly  allied. 

Pure  alicium  was  first  procured  by  Berzelius  in  the  year 
1824  by  the  action  of  potassium  on  fluo-silicic  gas,  but  it 
is  more  conveniently  prepared  from  the  double  fluoride  of 
silicium  and  potassium  or  sodium,  previously  dried  by  a 
temperature  near  that  of  redness.  When  this  compound  is 
heated  in  a  glass  tube  with  potassium,  the  latter  unites  with 
fluorine,  and  silicium  is  separated.  The  heat  of  a  spirit-lamp 
is  sufficient  for  the  purpose,  and  the  decomposition  takes 
place, accompanied  with  feeble  detonation,  before  the  mixture 
s  red  hot.     When  the  mass  is  cold,  the  soluble  parts 
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In  nitre  it  does  not  deflagrate  until  the  temperature  18  raised 
so  high  that  the  acid  is  decomposed  ;  and  then  the  oxidation 
is  effected  by  the  affinity  of  the  disengaged  alkali  for  silica 
co-operating  with  the  attraction  of  oxygen  for  silicium.  For 
a  similar  reason  it  bums  vividly  when  brought  into  contact 
with  carbonate  of  potash  or  soda,  and  the  combustion  ensues 
at  a  temperature  considerably  below  that  of  redness.  It  ex- 
plodes in  consequence  of  a  copious  evolution  of  hydrogen 
gas,  when  it  is  dropped  upon  the  fused  hydrate  of  potash^ 
soda,  or  baryta. 

OXIDE    OF   SILICIUM   OR   SILICA. 

Silica  exists  in  the  earth  in  great  quantity.  It  enters  into 
the  composition  of  most  of  the  earthy  minerals;  and  under 
the  name  of  quartz  rock,  forms  independent  mountainous 
masses.  It  is  the  chief  ingredient  in  sandstones ;  and  flint, 
calcedony,  rock  crystal,  and  other  analogous  substances,  con- 
sist almost  entirely  of  silica.  Siliceous  earth  of  sufficient 
purity  for  most  purposes  may,  indeed,  be  procured  by  igni- 
ting transparent  specimens  of  rock  crystal,  throwing  them 
while  red-hot  into  water,  and  then  reducing  them  to  powder. 

Pure  silica,  in  this  state,  is  a  light  white  powder^  which 
feels  rough  and  dry  when  rubbed  between  the  fingers,  and  is 
both  insipid  and  inodorous.  It  is  fixed  in  the  fire,  and  is  very 
infusible ;  but  fuses  before  the  oxy -hydrogen  blow-pipe  with 
greater  facility  than  lime  or  magnesia. 

In  its  solid  form  it  is  quite  insoluble  in  water ;  but  Berze- 
lius  has  shown,  that  when  silica  in  the  nascent  state  is  in 
contact  with  water,  it  is  dissolved  in  large  quantity.  On 
evaporating  the  solution  gently,  a  bulky  gdatinous  substance 
separates,  which  is  a  hydrate  of  silica.  This  hydrate  is  par- 
tially decomposed  by  a  very  moderate  temperature;  but  a 
red  heat  is  required  for  expelling  the  whole  of  the  water. 
According  to  Dr.  Thomson,  silica  unites  with  water  in  seve- 
ral proportions.     (First  Principles,  vol.  i.  p.  191«) 

Silica,  most  likely  from  its  insolubility,  does  not  change  the 
blue  vegetable  colours.  It  appears  to  possess  the  properties 
of  an  acid  rather  than  of  an  alkali.  Thus,  no  acid  acts  upon 
silica  except  hydrofluoric  acid ;  whereas  it  is  dissolved  by 
solutions  of  the  fixed  alkalies,  and  combines  with  many  of  the 
metallic  oxides.     On  this  account  silica  is  termed  iilicic  add 
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bj  some  chemists,  and  its  compoundB  with  alkaline  baaes  liU- 
catet.  The  compound  earthy  minerals  that  contain  silica  may 
be  regarded  as  native  silicates. 

The  combination  of  silica  with  the  6xed  alkalies  is  best 
effected  by  mixing  pure  sand  with  carbonate  of  potash  or 
soda,  and  heating  the  mixture  to  redness.  During  the  pro- 
cess, carbonic  add  is  expelled,  and  a  silicate  of  the  alkali  is 
generated.  The  nature  of  the  product  depends  upon  the 
proportions  which  ore  employed.  On  igniting  one  part  <^ 
nlica  with  three  of  carbonate  of  potash,  a  vitreous  mass  ia 
formed,  which  is  deliquescent,  and  may  be  dissolved  com- 
pletely in  water.  This  solution,  which  was  formerly  called 
liquor  silicum,  has  an  alkaline  reaction,  and  absorbs  carbtuiic 
add  on  exposure  to  the  atmosphere,  by  which  it  is  partially 
decomposed.  Concentrated  acids  precipitate  the  silica  as  a 
gelatinous  hydrate ;  but  if  a  considerable  quantity  of  water 
is  present,  and  the  add  is  added  gradually,  the  alkali  may 
be  perfectly  neutralized  without  any  separation  of  silica. 
When  a  solution  of  this  kind  is  evaporated  to  dryness,  the 
silica  is  rendered  quite  insoluble,  and  may  thus  be  obtained 
in  a  pure  form. 

But  if  the  proportion  of  silica  and  alkali  be  reversed,  a 
transparent  brittle  compound  results,  which  is  insoluble  in 
water,  is  attacked  by  none  of  the  adds  excepting  the  hydn>< 
fluoric,  and  possesses    the  well-known  properties   of  glass. 
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potash;  proportions  which  oorrespcmd  to  one  equhraknt  of 
potash  «i)d  oxide  of  lead,  and  between  four  and  five  equiva. 
lents  of  silica.  Flint-glass,  accordingly,  is  a  double  salt,,  con- 
sisting chiefly  of  bisilicate  of  potash  and  bisilicate  of  lead. 

Berzelius  ascertained  the  composition  of  silica  by  oxidizing 
a  known  quantity  of  silicium,  and  weighing  the  product  care- 
fully ;  and  according  to  this  synthetic  experiment,  100  parts 
of  rilica  are  composed  of  48*4  parts  of  rilicium  and  61*6  parts 
of  oxygen.  Chemists  possess  no  certain  evidence  as  to  its 
atomic  constitution.  Dr.  Thomson  beheves  silica  to  consist 
of  one  atom,  and  Berzelius  of  three  atoms,  of  oxygen,  united 
with  one  atom  of  silicium.  Admitting  the  view  of  the  latter, 
the  equivalent  of  silicium  will  be  22*5,  and  that  of  silica 
22*54-24=46*5;  whereas  on  Dr.  Thomson's  supposition  the 
equivalent  of  silica  should  be  l-3rd  of  this  number.  What 
Berzelius  would  call  a  bi-silicate,  of  which  actual  examples 
are  found  in  the  mineral  kingdom,  should  therefore  be  a  sex- 
silicate  agreeably  to  the  opinion  of  Dr.  Thomson ;  but  as 
compounds  composed  of  six  equivalents  of  add  to  one  of  base 
are  very  unusuid,  it  appears  more  consistent  with  general  ob- 
servation to  adopt  the  practice  of  Berzelius.  If,  then,  sili* 
dum  be  designated  by  Si,  the  formula  of  silica  will  be 
Si +3  O,  or  si. 

Chloride  of  StVicitim.—- When  silidum  is  heated  in  a  cur- 
rent of  chlorine  gas,  it  takes  fire,  and  is  rapidly  volatilized. 
The  product  of  the  combustion  condenses  into  a  liquid,  which 
appears  to  be  naturally  colourless,  but  to  which  an  excess  of 
chlorine  communicates  a  yellow  tint.  This  fluid  is  very 
limpid  and  volatile,  and  evaporates  almost  instantaneously  in 
open  vessels  in  the  form  of  a  white  vapour.  It  bdJs  at 
124^  F.  and  bears  a  cold  of  zero  without  becoming  solid.  It 
has  a  suffocating  odour  not  unlike  that  of  cyanogen,  and 
when  put  into  water  is  converted  into  muriatic  add  and  silica, 
the  latter  being  easUy  obtained  in  the  gelatinous  form. 
(Berzelius.) 

This  chloride  may  also  be  prepared  by  the  method  pro- 
posed by  Oersted,  which  has  been  so  successfully  applied  in 
the  formation  of  other  chlorides.  It  consists  in  mixing  about 
equal  parts  of  hydrated  silica  and  starch  into  a  paste  with  oil, 
heating  the  mass  in  a  covered  crudble  so  as  to  char  the  stardi, 
introducing  the  mixed  silica  and  charcoal  in  fragments  into  a 
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porcdbin  tiibe,  mad  then  transmittuig  through  it  a  current  of 
dry  chlorine  gas  while  the  tube  is  kept  at  a  red  heat.  The 
cblorine  unites  with  silicdutn,  while  the  charcoal  and  oxygea 
combine.  The  volatile  chloride  is  then  agitated  with  mer- 
cury  to  separate  the  free  chlorine,  and  purified  by  distillation. 

Bromide  of  SiUeium. — This  compound  has  been  made  by 
Serullaa  in  precisely  the  same  mode  as  that  just  described, 
merely  substituting  the  vapour  of  bromine  for  chlorine. 
When  purified  from  free  bromine  by  mercury,  and  redistilled, 
it  is  a  colourless  liquid,  which  emits  dense  vapours  in  an  open 
vessel,  being  decomposed  by  the  moisture  of  the  air,  and  ia 
denser  than  strong  sulphuric  acid.  At  303°  F.  it  enters  into 
ebullition,  and  freezea  at  10°.  Potassium,  when  gently 
heated,  acts  on  it  with  such  energy  that  detonation  ensues. 
By  wat«r  it  is  leatdved  into  muriatic  add  and  silica.  (Phil. 
Hag.  and  Annala,  xi.  396.) 

Sulphuret  of  Siticium. — ^This  compound  is  formed  by  heat< 
ing  silidum  in  the  vapour  of  sulphur,  and  the  union  is 
attended  with  the  phenomena  of  combustion.  The  product 
is  a  white  earthy-looking  substance,  which  is  instantly  con- 
verted by  the  action  of  water  into  sulphuretted  hydrogen 
and  silica ;  and  while  the  former  escapes  with  effervescence, 
the  latter  is  dissolved  in  large  quanti'ty.  In  open  vessels, 
owing  to  the  moisture  of  the  atmosphere,  it  undergoes  a 
similar  change;  but  in  dry  air  it  may  be  kept  unaltered. 
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the  resulting  compound  consists  of  silica  and  fluoric  add. 
But  for  reasons  already  stated,  (page  355)  fluor  spar  is  here 
not  considered  as  fluate  of  lime ;  and  therefore  this  view  can* 
not  be  admitted.  It  is  inferred,  on  the  contrary,  that  when, 
by  the  action  of  sulphuric  acid  on  fluoride  of  calcium,  hydro* 
fluoric  acid  is  generated,  the  elements  of  this  acid  react  on 
those  of  silica,  and  give  rise  to  the  production  of  water  and 
fluosilicic  acid  gas.  This  gas  is  therefore  a  fluoride  of  giU* 
cium ;  and  though,  in  compliance  with  the  usage  of  other 
chemists,  I  have  retained  its  ordinary  name,  its  title  to  be 
considered  an  acid  is  questionable.  It  may  occur  to  some 
whether  hydrofluoric  acid  does  not  unite  directly  with  silica; 
but  this  idea  is  inconsistent  with  the  proportion  in  which  the 
elements  of  the  gas  are  found  to  be  united. 

This  compound  i^  a  colourless  gas,  which  extinguishes 
flame,  destroys  animals  that  are  immersed  in  it,  and  irritates 
the  respiratory  organs  powerfully.  It  does  not  corrode  glass 
vessels  provided  they  are  quite  dry.  When  mixed  with 
atmospheric  air  it  forms  a  white  cloud,  owing  to  the  presence 
of  watery  vapour.  Its  specific  gravity,  according  to  Dr. 
Thomson,  is  3*6111 ;  and  100  cubic  inches  of  it,  at  60°  F. 
and  when  the  barometer  stands  at  30  inches,  weigh  111'986 
grains. 

Water  acts  powerfully  on  fluosilicic  add  gas,  of  which  it 
condenses,  according  to  Dr.  John  Davy,  365  times  its  vo- 
lume. (Philos.  Trans,  for  1812.)  The  gas  suflTers  decompo- 
sition at  the  moment  of  contact  with  water,  depositing  part 
of  its  silica  in  the  form  of  a  gelatinous  hydrate,  which  when 
well  washed  is  quite  pure.  The  liquid,  which  has  a  sour 
taste  and  reddens  litmus  paper,  contains  the  whole  of  the 
hydrofluoric  acid,  together  with  two-thirds  of  the  silica  which 
was  originally  present  in  the  gas.  (Berzelius.)  By  conduct- 
ing fluosilicic  acid  gas  into  a  solution  of  ammonia,  complete 
decomposition  ensues  :-*hydrofluoric  acid  unites  with  the 
alkali,  forming  hydrofluate  of  ammonia,  and  all  the  silica  is 
deposited.  On  this  fact  is  founded  the  mode  of  analyzing 
fluosilidc  acid  gas,  adopted  by  Dr.  Davy  and  Dr.  Thomson. 
According  to  the  results  obtained  by  Dr.  Thomson,  which 
appear  more  correct  than  those  of  Dr.  Davy,  this  gas  is 
composed  of  56*04  parts  or  3  equivalents  of  fluorine,  and 
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23'5  parts  or  one  equivnlent  of  silicium.  Considered  as  a 
compound  of  fluoric  acid  and  silica,  it  consists  of  32-04  parts 
or  3  equivalents  of  fluoric  acid,  and  46*5  parts  or  one  equiva- 
lent of  silica. 

The  solution  which  is  formed  by  fully  saturating  water 
with  fluosilicic  acid  gas  is  powerfully  acid,  and  emits  fumes 
on  exposure  (o  the  air.  It  is  commonly  known  by  the  name 
oi  iilicatcdJiuoTic  acid;  but  a  more  appropriate  term  is 
silico-hi/drofluoric  acid.  According  to  the  experiments  of 
Berzelius,  it  appears  to  be  a  definite  compound  of  hydro- 
fluonc  acid  and  silica  in  the  ratio  of  three  equivalents  of  the 
former  to  two  of  the  latter.  If  evaporated  before  separation 
from  the  silica  deposited  by  the  action  of  water  on  fluosilicic 
acid  gas,  this  compound  is  reproduced.  But  if  the  solution 
is  poured  off  from  the  tdlica  thus  deposited,  and  then  evapo- 
rated, fluosilidc  acid  gas  i^  at  flrst  evolved,  and  subsequently 
hydrofluoric  acid  and  water  are  expelled.  The  evaporation 
of  silico- hydrofluoric  acid  in  vacuo  is  attended  by  a  similar 
change,  so  that  this  acid  cannot  be  obtained  free  from  water. 
It  does  not  corrode  glass  ;  but  when  evaporated  in  glass  ves- 
sels, the  production  of  free  hydrofluoric  acid  of  course  gives 
rise  to  corrosion. 

On  neutralizing  silico-hydrofluoric  acid  with  ammonia,  and 
gently  evaporating  to  dryness,  all  the  silica  is  rendered  in- 
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they  may  be  regarded  as  double  salts,  consbting  of  two  eqiu* 
valents  of  hydrofluate  of  silica,  and  one  equivalent  of  a  by* 
drofluate  of  some  other  base. 

Most  of  the  facts  contained  in  the  preceding  account  of 
silicohydrofluoric  add  are  drawn  in  part  from  an  Essay  of 
BerzeUus  in  the  Annals  of  Philosophy,  xxiv.  460,  but  chiefly 
from  his  Lehrbuch  der  Chemie,  i.  631. 
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METALS,  THE  OXIDES  OF  WHICH  ARE  NEITHER 
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METALS  WHICH  DECOMPOSE  WATER  AT  A  RED  HEAT. 

SECTION  XI. 

MANGANESE. 

The  black  oxide  of  manganese  was  described  in  the  year 
1774  by  Scheele  as  a  peculiar  earth,  and  Oahn  subsequently 
showed  that  it  contained  a  new  metal,  to  which  he  gave  the 
name  of  magnesium ;  a  term  since  applied  to  the  metallic  base 
of  magnesia,  and  for  which  the  words  manganesium  and  mnii- 
ganium  have  been  substituted.  This  metal,  owing  doubtless 
to  its  strong  affinity  for  oxygen,  has  never  been  found  in  an 
uncombined  state  in  the  earth;  but  its  oxides  are  very 
abundant.  The  metal  may  be  obtained  by  forming  findy 
powdered  oxide  of  manganese  into  a  paste  with  oil,  laying 
the  mass  in  a  hessian  crucible  lined  with  charcoal,  luting 
down  a  cover  carefully,  and  exposing  it  during  an  hour  and 
a  half,  or  two  hours,  to  the  strongest  heat  of  a  smithes  forge. 

Manganese  is  a  hard  brittle  metal,  of  a  grayish- white  co- 
lour, and  granular  texture.  Its  specific  gravity,  according  to 
John,  is  801 3.  When  pure  it  is  not  attracted  by  the  magnet. 
It  is  exceedingly  infusible,  requiring  a  heat  of  160''  Wedg- 
wood for  fusion.     It  soon  tarnishes  on  exposure  to  the  air. 
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and  absorbs  oxygen  with  rapidity  when  heated  to  redness  in 
open  tcskIb.  It  is  said  lo  decompose  water  at  commcw  tem- 
peratures with  disengagement  of  hydrogen  gas,  though  the 
process  is  exceedingly  slow ;  but  at  a  red  heat  decompoation 
is  rapid,  and  protoxide  of  manganese  is  generated.  Decom- 
position of  water  is  likewise  occasioned  by  dilute  muriatic  or 
sulphuric  acid,  and  the  muriate  or  sulphate  of  protoxide  oi 
manganese  is  the  product. 

The  equivalent  of  manganese  is  estimated  by  Dr.  Thomson 
at  28,  and  some  experiments  I  performed  about  five  years 
ago  corroborated  that  estimate.  Of  the  different  modes  of 
inquiry  which  I  followed,  that  by  the  analysis  of  chloride  of 
manganese  is,  I  bdieve,  the  most  trustworthy ;  and  from  that 
analyus,  taking  35*46  instead  of  36  as  the  equivalent  of  chlo< 
rine,  that  uf  manganese  will  be  27'63.  A  recent  analyms  by 
Berzelius  corresponds  closely  with  my  result,  but  makes  the 
equivalent  slightly  high^.  I  have  no  doubt,  therefore,  that 
27'7  is  a  very  good  approximation. 

OXIDES  OF  MANGANESE. 
In  studying  metallic  oxides,  it  is  necessary  to  distinguish 
oxides  formed  by  the  direct  union  of  oxygen  and  a  metal, 
from  those  that  consist  of  two  other  oxides  united  with  each 
other,  and  which  therefore,  in  composition,  partake  of  the 
nature  of  a  salt  rather  than  of  an  oxide.     An  instance  of  this 
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Peroxide. — ^This  is  the  well-known   ore  commonly  called 
from  its  colour  black  oxide  of  manganese.     It  generally  occurs 
massive,  of  an  earthy  appearance,  and  mixed  with  other  sub- 
stances, such  as  siliceous  and  aluminous  earths,  oxide  of  iron, 
and  carbonate  of  lime.     It  is  sometimes  found,  on  the  con- 
trary, in  the  form  of  minute  prisms  grouped  together,  and 
radiating  from  a  common  centre.     In  these  states  it  is  anhy- 
drous;   but  the  essential  ingredient  of  one  variety  of  the 
earthy  mineral  called  wad  is  hydrated  peroxide  of  manganese, 
consisting  of  one  equivalent  of  water  and  two  of  the  oxide. 
The  peroxide  may  be  made  artificially  by  exposing  nitrate  of 
manganese  to  a  commencing  red  heat,  until  the  whole  of  the 
nitric  acid  is  expelled  ;  but  I  have  never  succeeded  in  pro- 
curing it  quite  pure  by  this  process,  because  the  heat  required 
to  drive  off  the  last  traces  of  acid,   likewise  expds  some 
oxygen  from  the  peroxide.     The  hydrated  peroxide,  contain- 
ing one  equivalent  of  water  and  one  of  oxide,  is  formed  by 
precipitating  the  proto-muriate  of  manganese  by  chloride  of 
lime ;  and  the  same  compound  results  from  the  decomposition 
of  the  acids  of  manganese  either  in  water  or  by  dilute  acid. 
For  our  knowledge  of  this  hydrate  we  are  indebted  to  Berthier. 
Peroxide  of  manganese  undergoes  no  change  on  exposure 
to  the  air.     It  is  insoluble  in  water,  and  does  not  unite  either 
with  acids  or  alkalies.     When  boiled  with  sulphuric  acid,  it 
yields  oxygen  gas,  and  a  sulphate  of  the  protoxide  is  formed. 
(Page  207.)     With  muriatic  acid,  a  muriate  of  the  protoxide 
is  generated,  and  chlorine  is  evolved.  (Page  303.)     The  solu- 
tion in  both  cases  is  of  a  deep-red  colour,  provided  undis- 
solved oxide  is  present ;  but  if  separated  from  the  undissolved 
portions,  it  is  readily  rendered  colourless  by  heat.     The  co- 
lour is  commonly  attributed  to  a  small  quantity  of  the  ses- 
qui-oxide  or  red  oxide  of  manganese  dissolved  by  the  free 
acid  ;  but  Mr.  Pearsall,  Chemical  Assistant  in  the  Royal  In- 
stitution, has  gone  far  to  prove  that  it  is  owing  to  the  pre- 
sence of  permanganic  acid.  (R.  Inst.  Journal  N.  S.  No.  iv. 
49)     The  action  of  sulphuric  acid  in  the  cold  is  exceedingly 
tardy  and  feeble,  a  minute  quantity  of  oxygen  gas  is  slowly 
disengaged,  and  the  acid  acquires  an  amethyst-red  tint.     On 
exposure  to  a  red  heat,  it  is  converted,  with  evolution  of 
oxygen  gas,  into  the  sesqui-oxide  of  manganese.  (Page  207.) 
Peroxide  of  manganese  is  employed  in  the  arts,  in  the  ma- 
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nufacture  of  glass,  and  in  preparing  chlorine  for  bUoching. 
In  the  laboratory  it  is  used  for  procuring  chlorine  and  oxygen 
gases,  and  in  the  preparation  of  the  salts  of  manganese. 

Sesquioxidt. — This  oxide  occurs  nearly  pure  in  nature,  and 
as  a  hydrate  it  is  found  abundantly,  often  in  large  prismatic 
crystals,  at  Jhlefeld  in  the  Hartz.  It  may  be  formed  artifi- 
cially by  exposing  peroxide  of  manganese  for  a  considerable 
time  to  a  moderate  red  heat,  and  therefore  is  the  chief  residue 
of  the  usual  process  for  procuring  a  supply  of  oxygen  gas ; 
but  it  is  difficult  so  to  regulate  the  degree  and  duration  of 
the  heat,  that  the  resulting  oxide  shall  he  quite  pure. 

The  colour  of  the  sesquioxide  of  manganese  varies  with  the 
source  from  which  it  is  derived.  That  which  is  procured  by 
means  of  heat  from  the  native  peroxide  or  hydrated  sesqui- 
oxide, has  a  brown  tint ;  but  when  prepared  from  nitrate  of 
manganese,  it  is  nearly  as  black  as  the  peroxide,  and  the 
native  sesquioxide  is  of  the  same  colour.  With  sulphuric 
and  muriatic  acids  it  gives  rise  to  the  same  phenomenon  as 
the  peroxide,  but  of  course  yields  a  smaller  proportional 
quantity  of  oxygen  and  chlorine  gases.  It  is  more  easily 
attacked  than  the  peroxide  by  cold  sulphuric  acid.  With 
strong  nitric  acid  it  yields  a  soluble  protonitrate  and  the  per- 
oxide, as  observed  by  Berthier ;  and  when  boiled  with  dilute 
sulphuric  acid,  it  undergoes  a  similar  change.  From  the 
proportion  of  oxygen  and  manganese  in  this  oxide,  it  may  be 
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are  fully  reduced  to  the  state  of  protoxide  by  hydrogen  with 
difficulty.  The  reduction  comroences  at  a  low  red  heat ;  but 
to  decompose  all  the  red  oxide,  a  full  red  heat  is  required. 
The  same  compound  is  formed  by  the  action  of  hydrogen 
gas  at  an  intense  white  heat.  Wbhler  and  Liebig  have  shown 
that  the  protoxide  is  also  obtained  by  fusing  chloride  of 
manganese  in  a  platinum  crucible  with  about  twice  its  weight 
of  carbonate  of  soda,  and  afterwards  dissolving  the  chloride 
of  sodium  by  water. 

Protoxide  of  manganese,  when  pure,  is  of  a  light  green 
colour,  very  near  the  mountain  green.  According  to  Forch- 
hammer  it  attracts  oxygen  rapidly  from  the  air ;  but  in  my 
experiments  it  was  very  permanent,  undergoing  no  change 
either  in  weight  or  appearance  during  the  space  of  nineteen 
days.  At  600°  F.  it  is  oxidized  with  oonfliderable  rapidity, 
and  at  a  low  red  heat  is  converted  in  an  instant  into  red 
oxide.  It  sometimes  takes  fire  when  thus  heated,  especially 
when  the  mass  is  considerable.  It  unites  readily  with  acids 
without  effervescence,  producing  the  %ame  salts  as  when 
the  same  acids  act  on  carbonate  of  manganese.  When  it 
comes  in  contact  with  concentrated  sulphuric  add,  intense 
heat  is  instantly  evolved ;  and  the  same  phenomenon  is  pro- 
duced, though  in  a  less  degree,  by  strong  muriatic  acid.  The 
resulting  salt  is  the  same  as  when  these  acids  are  heated  Mrith 
either  of  the  other  oxides  of  manganese.  If  quite  pure,  the 
protoxide  should  readily  and  completely  dissolve  in  cold 
dilute  sulphuric  acid,  and  yield  a  colourless  solution. 

In  order  to  prepare  a  pure  salt  of  manganese  from  the 
common  peroxide  of  commerce,  either  of  the  following  pro- 
cesses should  be  employed.  The  impure  sesquioxide  left  in 
the  process  for  procuring  oxygen  gas  from  the  peroxide  by 
means  of  heat,  is  mixed  with  a  sixth  of  its  weight  of  charcoal 
in  powder,  and  exposed  to  a  white  heat  for  half  an  hour  in  a 
covered  crucible.  The  protoxide  thus  formed  is  to  be  dis- 
solved in  muriatic  acid,  the  solution  evaporated  to  dryness^ 
and  the  residue  kept  for  a  quarter  of  an  hour  in  perfect 
fusion ;  being  protected  as  much  as  possible  from  the  air. 
By  this  means  the  chlorides  of  iron,  calcium,  and  other  me- 
tals are  decomposed.  The  fused  chloride  of  manganese  is 
then  poured  out  on  a  clean  sandstone,  dissolved  in  water,  and 
the  solution  separated  from  insoluble  matters  by  filtration. 
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If  free  from  iron,  it  will  give  a  white  precipitate  with  ferro- 
cyanate  of  potash,  without  any  appearance  of  green  or  blue, 
and  a  flesh-coloured  precipitate  with  hydrosulphuret  of  am- 
monia. The  manganese  is  then  thrown  down  as  a  white  car- 
bonate by  bicarbonata>of  potash  or  soda  ;  and  from  this  salt, 
after  being  well  washed,  all  the  other  salts  of  manganese  may 
be  prepared.  The  other  method  of  forming  a  pure  muriate 
was  suggested  by  Mr.  Faraday,  and  consists  in  heating  to 
redness  s  mixture  of  peroxide  of  manganese  with  half  its 
weight  of  muriate  of  ammonia.  Owing  to  the  volatility  of 
the  sal-ammoniac  it  is  necessary  to  apply  the  required  heat  as 
rapidly  as  possible,  and  this  is  best  done  by  projecting  the 
mixture  in  small  portions  at  a  time  into  a  crucible  kept  red 
hot.  In  this  process  the  chlorine  of  the  muriatic  add  unites 
with  the  metal  of  the  oxide  to  the  exclusion  of  every  other 
substance,  provided  an  excess  of  manganese  be  present.  The 
resulting  chloride  is  then  dissolved  in  water,  and  the  insolu- 
ble matters  separated  by  filtration.  (Faraday  in  Quart.  Jour- 
nal, vi.) 

In  preparing  manganese  of  great  purity,  the  operator 
^ould  hear  in  mind  that  the  precipitated  carbonate  some- 
times eontains  muriatic  acid,  retained  probably  in  the  form  of 
a  submuriate.  It  may  likewise  contain  traces  of  lime ;  for 
oxalate  of  lime,  insoluble  as  it  is  in  pure  water,  does  not 
completely  subside  from  a  strong  solution  of  chloride  of  man- 
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precipitate  is  fonnedy  which  is  either  a  hydrosulphuret  of  the 
protoxide  or.  a  hydrated  protosulphuret  of  metallic  manga* 
nese.  When  heated  in  close  vessels,  it  yields  a  dark  colour- 
ed sulphuret,  and  water  is  evolved. 

Red  Oxide. — The  substance  called  red  oxide  of  manganese, 
Oxidum  Manganoso-Mangamcum  of  Arfwedson,  occurs  as  a 
natural  production,  and  may  be  formed  artificially  by  exposing 
the  peroxide  or  sesquioxide  to  a  white  heat  either  in  close  or 
open  vessels.  It  is  also  produced  by  absorption  of  oxygen 
from  the  atmosphere  when  the  protoxide  is  precipitated  from 
its  salts  by  pure  alkalies,  or  when  the  anhydrous  protoxide  or 
carbonate  is  heated  to  redness.  It  is  very  permanent  in  the 
air,  not  passing  to  a  higher  stage  of  oxidation  at  any  tempe- 
rature. Its  colour  when  rubbed  to  the  same  degree  of  fine- 
ness is  brownish-red  when  cold,  and  nearly  black  while  warm. 
Fused  with  borax  or  glass  it  communicates  a  beautiful  violet 
tint,  a  character  by  which  manganese  may  be  easily  detected 
before  the  blow-pipe ;  and  it  is  the  cause  of  the  rich  colour  of 
the  amethyst.  It  is  acted  on  by  strong  sulphuric  and  muria- 
tic acids,  with  the  aid  of  heat,  in  the  same  manner  as  the  per- 
oxide and  sesquioxide,  but  of  course  yields  proportionally  a 
smaller  quantity  of  oxygen  and  chlorine  gases.  By  cold  con- 
centrated sulphuric  add  it  is  dissolved  in  small  quantity, 
without  appreciable  disengagement  of  oxygen  gas,  and  the 
solution  is  promoted  by  a  slight  increase  of  temperature. 
The  liquid  has  an  amethyst  tint,  which  disappears  when  heat 
is  applied,  or  by  the  action  of  deoxidizing  substances,  such 
as  protomuriate  of  tin,  or  sulphurous  and  phosphorous  acids, 
protosulphate  of  manganese  being  generated.  The  pink 
colour  which  the  salts  of  manganese  generally  possess,  is 
owing  to  the  presence  of  a  small  quantity  of  red  oxide.  By 
strong  nitric  acid,  or  when  boiled  with  dilute  sulphuric  acid, 
it  undergoes  the  same  kind  of  change  as  the  sesquioxide. 

The  red  oxide  of  manganese  contains  more  oxygen  than 
the  protoxide  and  less  than  the  sesquioxide.  Its  elements 
are  in  such  proportion,  that  it  may  be  regarded  as  a  com- 
pound either  of 

Sesquioxide      .    79-4  or  2  equiT.l  r  Peroxide  .    43'7orIeqmT. 

Protoxide         .     36'7  or  1  equiv.  J        **'       1  Protoxide         .    71*4  or  2  equiv. 

115*1  1151 
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II  ooDtuns  27'd86  per  cent  of  oxygen,  and  loses  6'896  per 
cent  of  oxygen  when  converted  intu  the  green  oxide. 

Furvt'dte.— This  compound  is  knovn  only  as  a  natural  pro- 
duction, having  been  first  noticed  three  years  ago,  by  Mr. 
Phillips,  among  some  ores  of  manganese  found  in  Warwick- 
shire. The  locality  of  the  mineral  suggested  its  name ;  but 
I  have  also  detected  it  as  the  constituent  of  an  ore  of  manga- 
nese from  Jhlefeld,  sent  me  by  Professor  Stromeyer.  Var- 
vicite  was  at  first  mistaken  for  peroxide  of  manganese,  to 
which  both  in  the  colour  of  its  powder  and  its  degree  of  hard- 
ness it  bears  considerable  resemblance ;  but  it  is  readily  dis* 
tinguished  from  that  ore  by  its  stronger  lustre,  its  highly 
lamellated  texture,  which  is  very  similar  to  that  of  manganite, 
and  by  yielding  water  freely  when  heated  to  redness.  Its 
specific  gravity  is  4-631.  It  has  not  been  found  regularly 
crystallized;  but  my  specimen  from  Jhlefeld  is  in  pseudo~ 
crystaltf  possessing  the  form  of  the  six-sided  pyramid  of  cal- 
careous spar.  When  strongly  heated  it  is  converted  into  red 
oxide,  losing  5*725  per  cent  of  water,  and  7*385  of  oxygen. 
It  is  probably,  like  the  red  oxide,  a  compound  of  two  other 
oxides;  and  the  proportions  just  stated  justify  the  supposi- 
tion that  it  consists  of  one  equivalent  of  peroxide  and  one  of 
sesquioxide  of  manganese,  united  in  the  mineral  with  half  an 
equivalent  of  water.  (Phil.  Mag.  and  Annals,  v.  209,  vi.  281, 
and  vii.  284.) 
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explanation  of  these  phenomena.  (An.  de  Ch.  et  Ph.  viii.) 
They  demonstrated  that  peroxide  of  manganese,  when  fused 
with  potash,  absorbs  oxygen  from  the  atmosphere,  and  is 
thereby  converted  into  an  add,  which  unites  with  the  alkali. 
They  attributed  the  different  changes  of  colour  above  men- 
tioned to  the  combination  of  this  acid  with  different  proper* 
tions  of  potash.  Subsequently  the  subject  engaged  the  atten- 
tion of  Dr.  Forchhammer,  who  rendered  it  probable  that  the 
green  and  red  tints  are  produced  by  two  distinct  acids,  one 
of  which  forms  red  and  the  other  green  coloured  salts ;  (An. 
of  Phil,  xvi.)  and  very  lately  Mitscherlich  has  established 
the  existence  of  these  acids,  and  ascertained  their  compositioD. 
(An.  de  Ch.  et  Ph.  xlix.  113.) 

The  names  at  first  applied  to  these  compounds  wei«  nian- 
ganeseous  and  manganesic  add,  but  Mitscherlich  proposes  to 
distinguish  them  by  the  terms  manganic  and  permanganic 
add.  He  was  led  to  this  suggestion  by  finding  that  the  green 
coloured  salts  are  isomorphous  with  the  sulphates  and  seleni- 
ates,  and  that  thdr  acid  has  a  composition  similar  to  that  of 
sulphuric  and  selenic  adds,  consisting  of  3  equivalents  of 
oxygen  to  one  equivalent  of  the  other  element ;  whereas  the 
red  add  is  isomorphous  with  perchloric  add,  and  is  composed 
of  2  equivalents  of  manganese  united  with  7  equivalents  of 
oxygen ;  a  constitution  identical,  according  to  the  views  of 
Berzelius,  with  that  of  perchloric  acid.  The  formula  of  the 
two  acids  will  therefore  be  Mn+3  O  or  Mn,  and  2  Mn+7  O 

•  •  •  • 

or  Mn;  and  their  equivalents  must  be  51*7,  and  111*4. 
Should  this  constitution  of  these  acids  prove  correct,  it  will 
afford  a  very  strong  proof  on  the  side  of  those  chemists  who 
consider  the  atoms  of  all  substances  to  be  represented  by 
their  volumes.     (Page  205.) 

Manganate  of  potash  is  obtained  in  crystals  by  forming  a 
concentrated  solution  of  mineral  chameleon  in  cold  water, 
allowing  any  insoluble  matters  to  subside  in  a  stoppered 
bottle,  and  evaporating  the  clear  green  solution  in  vacuo 
with  the  aid  of  sulphuric  add.  In  this  process  all  contact  of 
paper  and  other  organic  substances  must  be  carefully  avoided, 
since  they  deoxidize  both  of  the  acids  of  manganese,  and 
throw  down  the  metal  in  the  state  of  hydrated  peroxide. 
The  admixture  with  acids,  such  as  the  sulphuric  and  nitric, 
though  diluted,  decomposes  the  manganates,  and  the  man« 
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gimic  add  is  reiolTed  into  the  hydrated  peroxide  and  oxygen ; 
it  is  on  this  property  the  analysis  of  Mitscbertich  was 
founded,  and  which  [neveots  manganic  acid  from  being  ob- 
tained in  a  free  state.  When  the  pure  crystals  are  simply 
dissolved  in  water,  especially  when  also  exposed  to  the  car- 
bonic acid  of  the  air,  the  acid  of  manganate  of  potash  is 
speedily  resolved  into  hydrated  peroxide  and  permangaoic 
acid ;  and  the  variable  intermixture  of  the  two  acids  which 
occurs  during  the  change,  causes  those  shades  of  purple, 
passing  ultimately  into  red,  exhibited  by  such  solutions. 
The  crystals  of  manganate  of  potash  are  anhydrous,  are 
isomorphous  with  those  of  sulphate  of  potash,  and  consist 
of  51'7  parts  or  one  equivalent  of  manganic  acid  combined 
with  an  equivalent  of  potash. 

When  manganate  of  potash  is  dissolved  in  a  solution  of 
pure  potash,  and  protected  from  carbonic  acid,  the  green  salt 
may  again  be  crystallized;  but  when  dissolved  in  distilled 
water,  the  red  permanganate  of  potash  is  quickly  formed, 
and  hydrated  peroxide  of  manganese  subsides.  On  evapo- 
rating the  solution  on  a  sand  bath  until  a  pellicle  forms  on  its 
surface,  and  decanting  off  the  solution  from  any  oxide  that 
may  have  subsided,  the  permanganate  of  potash  crystallizes 
as  the  liquid  cools.  This  salt  has  a  beautiful  red  tint,  yields 
oxygen  to  combustible  aubstances  with  great  facility,  and 
detonates  powerfully  with  phosphorus.     Its  solution  is  de- 
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tube,  while  a  current  of  muriatic  acid  gas  is  transmitted 
through  it.  The  heat  of  a  spirit-lamp  is  sufficient  for  the 
purpose.  It  fuses  readily  at  a  red  heat,  and  forms  a  pink- 
coloured  lamellated  mass  on  cooling.  It  is  deliquescent,  and 
of  course  very  soluble  in  water,  being  converted  by  that 
fluid,  with  evolution  of  caloric,  into  muriate  of  manganese. 
It  is  composed  of  27*7  parts  or  one  equivalent  of  manganese, 
and  35'^  parts  or  one  equivalent  of  chlorine. 

A  new  chloride  of  manganese,  remarkable  for  its  volatility^ 
has  been  described  by  Dumas.  (Edin.  Joum.  of  Science, 
viii.  179.)  It  is  readily  formed  by  putting  a  solution  of  per- 
manganic into  strong  sulphuric  acid,  and  then  adding  fused 
searsalt.  The  muriatic  and  permanganic  acids  mutually  de- 
compose each  other ;  water  and  perchloride  of  manganese 
are  generated,  and  the  latter  escapes  in  the  form  of  vapour. 
The  best  mode  of  preparation  is  to  form  the  green  mineral 
chameleon,  and  convert  it  into  red  by  means  of  sulphuric 
acid.  The  solution,  when  evaporated,  leaves  a  residue  of 
sulphate  and  permanganate  of  potash.  This  mixture,  treated 
by  strong  sulphuric  acid,  yields  a  solution  of  manganesic 
acid,  into  which  are  added  small  fragments  of  sea>salt,  as  long 
as  coloured  vapour  continues  to  be  evolved. 

The  new  chloride,  when  first  formed,  appears  as  a  vapour 
of  a  copper  or  greenish  colour;  but  on  traversing  a  glass 
tube  cooled  to  5^  or  — 4^  F.  it  is  condensed  into  a  greenish- 
brown  coloured  liquid.  When  generated  in  a  capacious  tube, 
its  vapour  gradually  displaces  the  air,  and  soon  fills  the  tube. 
If  it  is  then  poured  into  a  large  flask,  the  sides  of  which  are 
moist,  the  colour  of  the  vapour  changes  instantly  on  coming 
into  contact  with  the  moisture,  a  dense  smoke  of  a  pretty  rose- 
tint  appears,  and  muriatic  and  permanganic  acids  are  gene- 
rated. From  this  it  is  manifest,  that  the  new  chloride  is 
proportional  to  permanganic  acid  ;  that  is,  when  its  chlorine 
unites  with  hydrogen,  the  oxygen  required  to  constitute 
water  with  that  hydrogen  exactly  suffices  for  forming  perman- 
ganic acid  with  the  manganese.  Hence  it  should  consist  of 
55'4f  parts  or  two  equivalents  of  manganese.  United  with  7 
equivalents  of  chlorine,  so  that  its  formula  is  2Mn  4-701. 

Fluoride  of  Manganese. — A  gaseous  compound  of  fluorine 
and  manganese  has  been  discovered  by  Dumas  and  Wohler. 
(Edin.  Journal  of  Science,  ix.)     It  is  best  formed  by  mixing 


common  mineral  chameleon  with  half  its  weight  of  fluor  spar, 
ftod  decomposing  the  mixture  in  a  platinum  vessel  by  fuming 
sulphuric  acid.  The  fluoride  is  then  disengaged  in  the  form 
of  a  greenish-yellow  gas  or  vapour,  of  a  more  intensely  yellow 
tint  than  chlorine.  When  mixed  with  atmoephenc  air,  it 
instantly  acquires  a  beautiful  purple-red  colour;  and  is  freely 
absorbed  by  water,  yielding  a  solution  of  the  same  red  tint. 
It  acts  instantly  on  glass,  with  formation  of  fluosilicic  acid 
gas,  a  brown  matter  being  at  the  same  time  deposited,  which 
becomes  of  a  deep  purple-red  tint  on  the  addition  of  water. 

It  maybe  inferred  from  the  experiments  of  Wohler  that 
this  yellow  gas  is  a  fluoride  of  manganese ;  that  when  mixed 
with  water  both  compounds  are  decomposed,  and  hydrofluoric 
and  permanganic  acids  generated,  which  are  dissolved ;  that 
a  similar  formation  of  the  two  acids  ensues  from  the  admix- 
ture of  the  yellow  gas  with  atmospheric  air,  owing  to  the 
moisture  contained  in  the  latter ;  and  that  by  contact  with 
glass,  fluosilicic  acid  gas  is  produced,  and  anhydrous  perman- 
ganic acid  deposited.  In  consequence  of  its  acting  so  pow- 
erfully on  glass,  its  other  properties  have  not  been  ascertain- 
ed ;  but  from  those  above  mentioned,  its  composition  is  ob- 
viously similar  to  that  of  the  gaseous  chloride  of  manganese. 

The  prototulphuret  of  manganese  may  be  procured  by  ig- 
niting the  sulphate  with  one-sixth  of  its  weight  of  charcoal  in 
powder. — (Berthier.)     It  is  also  formed  by  the  action  of  sul- 
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ness  it  is  remarkably  soft  and  pliable,  so  that  it  may  be  beat- 
en into  any  form,  or  be  intimately  incorporated  or  welded 
with  another  piece  of  red-hot  iron  by  hammering.  Its  tex- 
ture is  fibrous.  Its  specific  gravity  may  be  estimated  at  7*7; 
but  it  varies  slightly  according  to  the  degree  with  which  it 
has  been  rolled,  hammered,  or  drawn,  and  it  is  increased  by 
fusion.  In  its  pure  state  it  is  exceedingly  infusible,  requiring 
for  fusion  a  temperature  of  158°  of  Wedgwood's  pyrometer. 
It  is  attracted  by  the  magnet,  and  may  itself  be  rendered 
permanently  magnetic  by  several  processes ; — a  property  of 
great  interest  and  importance,  and  which  is  possessed  by  no 
other  metal  excepting  cobalt  and  nickel. 

The  occurrence  of  native  iron,  except  that  of  meteoric 
origin,  which  always  contains  nickel  and  cobalt,  is  exceedingly 
rare ;  and  few  of  the  specimens  said  to  be  such  have  been  well 
attested.  In  combination,  however,  especially  with  oxygen 
and  sulphur,  it  is  abundant ;  being  contained  in  animals  and 
plants,  and  being  diffused  so  universally  in  the  earth,  tliat 
there  are  few  mineral  substances  in  which  its  presence  may 
not  be  detected.  Minerals  which  contain  iron  in  such  form, 
and  in  such  quantity,  as  to  be  employed  in  the  preparation  of 
the  metal,  are  called  ores  of  iron  ;  and  of  these  the  principal 
are  the  following.  The  red  oxides  of  iron  included  under  the 
name  of  red  haematite ;  the  brown  haematite  of  mineralogists, 
consisting  of  hydrated  peroxide  of  iron ;  the  bhick  oxide,  or 
magnetic  iron  ore ;  and  protocarbonate  of  iron,  either  pure, 
or  in  the  form  of  clay  iron  ore,  when  it  is  mixed  with  siliceous, 
aluminous,  and  other  foreign  substances.  The  three  former 
occur  most  abundantly  in  primary  districts,  and  supply  the 
finest  kinds  of  iron,  as  those  of  Sweden  and  India ;  while 
clay-iron  stone,  from  which  most  of  the  English  iron  is  ex- 
tracted, occurs  in  secondary  depodtes,  and  chiefly  in  the  coal 
formation. 

The  extraction  of  iron  from  its  ores  is  effected  by  exposing 
the  ore«  previously  roasted  and  reduced  to  a  coarse  powder, 
to  the  action  of  charcoal,  or  coke,  and  lime  at  a  high  temp&> 
rature.  The  action  of  carbonaceous  matter  in  depriving  the 
ore  of  its  oxygen  is  obvious;  and  the  lime  plays  a  part 
equally  important.  It  acts  as  a  flux  by  combining  with  all 
the  impurities  of  the  ore,  and  forming  a  fusible  compound 
called  a  slag.    The  whole  mass  being  thus  in  a  fused  state, 
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the  particles  of  reduced  metal  descend  by  reasoD  of  their 
greater  density,  and  collect  at  the  bottom ;  while  the  dag 
forms  a  stratum  above,  protecting  the  melted  metal  from  the 
action  of  the  air.  The  Utter,  as  it  collects,  runs  out  at  an 
aperture  in  the  dde  of  the  furnace ;  and  the  fused  iron  is  let 
off  by  a  hole  in  the  bottom,  which  was  previously  filled  with 
sand.  The  process  is  never  successful  unless  the  flux,  t<v 
gether  with  the  impurities  of  the  ore,  are  in  such  proportioa 
OS  to  constitute  a  fusible  compound.  The  mode  of  accom- 
plishing this  object  is  learned  only  by  experience;  and  as 
difierent  ores  commonly  difier  in  the  nature  or  quantity  c^ 
their  impurities,  the  workman  is  obliged  to  vary  his  flux  ac- 
cording to  the  composition  of  the  ore  with  which  he  operates. 
Thus  if  the  ore  is  defideot  in  siliceous  matter,  sand  must  be 
added ;  and  if  it  contain  a  large  quantity  of  lime,  propor. 
tionally  less  of  that  earth  will  be  required.  Much  is  often 
accomplished  by  the  admixture  of  different  ores  with  each 
other.  The  slag  consists  of  a  compound  of  earthy  salts, 
similar  to  some  siliceous  minerals,  in  which  silica  acts  the 
part  of  an  acid,  and  lime,  alumina,  magnesia,  protoxide  of 
manganese,  and  sometimes  oxide  of  iron,  act  as  bases.  The 
most  usual  combination,  according  to  Mitscherlich,  is  a  sili- 
cate of  lime  and  magnesia,  sometimes  with  a  little  protoxide 
of  iron ;  a  compound  which  he  has  obtained  in  crystals, 
having  the  precise  form  and  composition  of  pyroxen.     Ar- 
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It  is  then  subjected,  while  still  hot,  to  the  operation  of  rolling 
or  hammering,  by  which  its  particles  are  approximated^  and 
its  tenacity  greatly  increased.  It  is  then  the  malleable  iron 
of  commerce.  It  is  not,  however,  absolutely  pure;  for  Ber- 
zelius  has  detected  in  it  about  one-half  per  cent  of  carbon, 
and  it  likewise  contains  traces  of  silicium.  The  carbonaceous 
matter  may  be  removed  by  mixing  iron  filings  with  a  quarter 
of  its  weight  of  black  oxide  of  iron,  and  fusing  the  mixture, 
confined  in  a  covered  hessian  crucible,  by  means  of  a  blast 
furnace.  A  little  powdered  green  glass  should  be  laid  on  the 
mixture,  in  order  that  the  iron  may  be  completely  protected 
from  the  air  by  a  covering  of  melted  glass,  and  any  unre- 
duced oxide  dissolved.  But  the  best  and  readiest  mode  of 
procuring  iron  in  a  state  of  perfect  purity,  is  by  transmitting 
hydrogen  gas  over  the  pure  oxide  heated  to  redness  in  a  tube 
of  porcelain.  The  oxygen  of  the  oxide  unites  with  hydrogen, 
and  the  metal  is  left  in  the  form  of  a  porous  spongy  mass. 
Magnus  has  observed  that  the  reduction  takes  place  at  a  heat 
considerably  below  that  of  redness ;  and  that  when  the  iron, 
thus  reduced,  is  exposed  to  the  air,  it  takes  fire  spontaneously, 
and  the  oxide  is  instantly  reproduced.  This  singular  proper- 
ty, which  Magnus  has  also  remarked  in  nickel  and  cobalt 
prepared  in  a  similar  manner,  appears  to  depend  on  the  ex- 
tremely divided  and  expanded  state  of  the  metallic  mass ; 
for  when  the  reduction  is  efiected  at  a  red  heat,  which  enables 
the  metal  to  acquire  its  natural  degree  of  compactness,  the 
phenomenon  is  not  observed.  If  the  oxide  be  mixed  with  a 
little  alumina,  and  then  reduced  at  a  red  heat,  the  presence 
of  the  earth  prevents  that  contraction  which  would  otherwise 
ensue :  the  metal  is  in  the  same  mechanical  condition  as  when 
it  is  deoxidized  at  a  low  temperature,  and  its  spontaneous 
combustibility  is  preserved. 

But  iron,  in  its  ordinary  state,  has  a  strong  affinity  for 
oxygen.  In  a  perfectly  dry  atmosphere  it  undergoes  no 
change;  but  when  moisture  is  likewise  present,  its  oxida- 
tion, or  rastingf  is  rapid.  The  first  part  of  the  change  ap- 
pears to  consist  in  the  formation  of  protocarbonate  of  iron  ; 
but  the  protoxide  gradually  passes  into  hydrated  peroxide, 
and  the  carbonic  acid  at  the  same  time  is  evolved.  Rust  of 
iron  always  cbntains  ammonia,  a  circumstance  which  indicates 
that  the  oxidation  is  probably  accompanied  by  decomposition 


of  water ;  and  M.  Chevallier  has  observed  that  ammonia  is 
also  present  in  the  native  oxides  of  iron.  Heated  to  redness 
in  the  open  air,  iron  absorbs  oxygen  rapidly,  and  is  converted 
into  black  scales,  called  the  black  oiide  of  iron ;  and  in  an 
atmosphere  of  oxygen  gas  it  burns  with  vivid  scintillations. 
It  decomposes  the  vapour  of  water,  by  uniting  with  its  oxy- 
gen, at  a)]  temperatures,  from  a  dull  red  to  a  white  heat ;  a 
singular  fact  when  it  is  considered,  that  at  the  very  same  tem- 
peratures the  oxides  of  iron  are  reduced  to  the  metallic  state 
by  hydrogen  gas.  (Gay-Lussac  in  An,  de  Ch.  et  de  Phy- 
sique, i.  36-)  These  opposite  effects,  various  instances  of 
which  are  known  to  chemists,  are  accounted  for  by  a  mode  of 
reasoning  similar  to  that  explained  on  a  former  occasion. 
(Page  17s.) 

OXIDES  OF   IRON. 

Iron  combines  with  oxygen  in  two  proportions  only,  form- 
ing the  protoxide,  and  the  red  or  peroxide  of  iron.  Both 
these  compounds  are  capable  of  yielding  regular  crystalliz- 
abie  salts  with  acids. 

Protoxide. — This  oxide  is  the  base  of  the  native  carbonate 
of  iron,  and  of  the  green  vitriol  of  commerce.  Its  existence 
was  inferred  some  years  ago  by  Oay-Lussac  ;  (An.  de  Ch.  vol. 
Ixxx.)  but  it  has  not  yet  been  obtained  in  an  insulated  form. 
Its  salts,  particularly  when  in  solution,  absorb  oxygen  from  the 
atmosphere  with  such  rapidity  that  they  may  even  be  em- 
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carbonates,  and  as  a  white  ferrocyanate  by  ferrocyanate  of 
potash.  The  two  former  precipitates  become  first  green  and 
then  red,  and  the  latter  green  and  blue  by  exposure  to  the 
air.  The  solution  of  gall-nuts  produces  no  change  of  colour. 
Sulphuretted  hydrogen  does  not  act  if  the  protoxide  is  united 
with  any  of  the  stronger  acids ;  but  alkaline  hydrosulphurets 
cause  a  black  precipitate,  protosulphuret  of  iron. 

Peroxide. — The  red  or  peroxide  is  a  natural  product, 
known  to  mineralogists  under  the  name  of  red  hamatUt,  It 
sometimes  occurs  massive,  at  other  times  fibrous,  and  occa- 
sionally in  the  form  of  beautiful  rhomboidal  crystals.  It  may 
be  made  chemically  by  dissolving  iron  in  nitro-muriatic  acid, 
and  adding  an  alkali.  The  hydrate  of  the  red  oxide  of  a 
brownish-red  colour  subsides,  which  is  identical  in  composi- 
tion with  the  mineral  called  brown  hmnatite^  and  consists  of 
40  parts  or  one  equivalent  of  the  peroxide,  and  9  parts  or 
one  equivalent  of  water. 

Peroxide  of  iron  is  not  attracted  by  the  magnet.  Fused 
with  vitreous  substances  it  communicates  to  them  a  red  or 
yellow  colour.  It  combines  with  most  of  the  acids,  form- 
ing salts,  the  greater  number  of  which  are  red.  Its  pre- 
sence may  be  detected  by  very  decisive  tests.  The  pure 
alkalies,  fixed  or  volatile,  precipitate  it  as  the  hydrate.  Alka- 
line carbonates  have  a  similar  effect,  peroxide  of  iron  not 
forming  a  permanent  salt  with  carbonic  acid.  With  ferro- 
cyanate of  potash  it  forms  Prussian  blue,  ferrocyanate  of  the 
peroxide  of  iron.  Sulphocyanate  of  potash  causes  a  deep 
blood- red,  and  infusion  of  gall-nuts  a  black  colour.  Sulphu- 
retted hydrogen  converts  the  peroxide  into  protoxide  of  iron, 
and  deposition  of  sulphur  takes  place  at  the  same  time. 
These  reagents,  and  especially  ferrocyanate  and  sulphocyan- 
ate of  potash,  afford  an  unerring  test  of  the  presence  of  mi- 
nute quantities  of  peroxide  of  iron.  On  this  account  it  is 
customary,  in  testing  for  iron,  to  convert  it  into  the  peroxide, 
an  object  which  is  easily  accomplished  by  boiling  the  solution 
with  a  small  quantity  of  nitric  acid. 

The  researches  of  several  chemists,  such  as  Oay-Lussac, 
Berzelius,  Bucholz,  and  Thomson,  leave  no  doubt  that  the 
oxygen  contained  in  the  blue  and  red  oxides  of  iron  is  in  the 
ratio  of  one  to  one  and  a  half.  Consequently,  the  peroxide 
consists  of  28  parts  or  one  equivalent  of  iron,  and  12  parts  or 
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aD  equivalent  and  a  half  of  oxygen ;  its  formula  is  ^(Pe);  and 
its  equivalent  is  40. 

Black  Oxide.— Thia  substance,  long  supposed  to  be  protox- 
ide of  iron,  contains  more  oxygen  than  the  protoxide,  and  less 
thui  the  red  oxide.  It  cannot  be  regarded  as  a  definite  com- 
pound of  iron  and  oxygen  ;  but  it  is  composed  of  the  two  real 
oxides  united  in  a  proportion  which  is  by  no  means  constant. 
It  occurs  native,  frequently  crystallized  in  the  form  of  a  re- 
gular octohedron;  and  it  is  not  only  attracted  by  the  magnet, 
but  is  itself  sometimes  magnetic.  It  is  always  formed  when 
iron  is  heated  to  redness  in  the  open  air ;  and  is  likewise  ge- 
nerated by  the  contact  of  watery  vapour  with  iron  at  ele- 
vated  temperatures.  The  composition  of  the  product,  how- 
ever, varies  with  the  duration  of  the  process  and  the  tempe- 
rature which  is  employed.  Thus,  according  to  Bucholz, 
Berzelius,  and  Thomson,  100  parts  of  iron,  when  oxidized  by 
steam,  unite  with  nearly  30  of  oxygen  ;  whereas  in  a  similar 
experiment  performed  by  Qay-Lussac,  37-8  parts  of  oxygen 
were  absorbed.  The  oxide  of  Oay-Lussac  may  be  regarded 
as  a  compound  of  one  equivalent  of  the  protoxide  and  two 
equivalents  of  the  peroxide ;  and  Berzelius  is  of  opinion  that 
the  composition  of  magnetic  iron  ore  is  similar.  Itn  formula 
is  therefore  Fe+(Fe).  M.  Mosander  states,  that  on  heating 
a  bar  of  iron  in  the  open  air,  the  outer  layer  of  the  scales  con- 
tains a  greater  quantity  of  peroxide  than   the   inner  layer. 
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by  Dr.  John  Davy.  The  protochloride  is  made  by  evaporat- 
ing a  solution  of  the  protomuriate  to  dryness,  and  heating  it 
to  redness  in  a  glass  tube  from  which  the  air  is  excluded. 
The  resulting  chloride  has  a  gray  colour,  a  lamellated  tex- 
ture, and  metallic  lustre.  It  is  composed  of  one  equivalent 
of  each  element,  and  is  converted  by  water  into  protomuriate 
of  iron. 

The  perchloride  is  formed  by  burning  iron  wire  in  an  at- 
mosphere of  chlorine.  It  is  of  a  bright  yellowish-brown 
colour,  crystallizes  in  small  iridescent  plates,  and  is  volatile 
at  a  temperature  a  little  above  212°  F.  It  consists  of  one 
equivalent  of  iron,  and  an  equivalent  and  a  half  of  chlorine, 
and  forms  with  water  a  red  coloured  solution,  which  is  per- 
muriate  of  iron. 

Bromides  of  Iron. — Into  a  porcelain  capsule  put  any  quan- 
tity of  bromine  with  about  twenty  times  its  weight  of  water, 
and  add  iron  filings  as  long  as  any  action  continues,  promot- 
ing union  by  gentle  heat  and  agitation.  If  the  solution  is 
made  and  evaporated  to  dryness  in  close  vessels,  a  protobro- 
mide  is  obtained ;  but  if  freely  exposed  to  the  air,  the  per- 
bromide  is  left.  In  order  to  obtain  it  pure,  it  should  be  re- 
dissolved  in  water,  filtered  to  remove  a  little  peroxide,  and 
again  evaporated.  A  red  perbromide  remains,  which  is  deli- 
quescent, soluble  in  water  and  alcohol,  and  according  to  M. 
Henry  consists  of  one  equivalent  of  iron  and  two  of  bromine. 
The  accuracy  of  this  estimate  is  surely  very  doubtful. 

By  exactly  decomposing  a  solution  of  perbromide  of  iron 
by  means  of  alkalies  or  alkaline  earths,  the  hydrobromates  of 
those  bases  are  easily  prepared. 

Iodide  of  iron  may  be  formed  by  heating  the  metal  in  the 
vapour  of  iodine,  or  by  evaporating  a  solution  of  the  hydrio- 
date  prepared  as  in  the  process  just  described  for  procuring 
bromide  of  iron. 

Sulphurets  of  iron, — There  are  two  compounds  of  iron  and 
sulphur,  both  of  which  are  natural  products.  The  protosul- 
phuret  is  the  magnetic  iron  pyrites  of  mineralogists.  It  is  a 
brittle  yellow  substance,  of  a  metallic  lustre,  and  is  feebly 
attracted  by  the  magnet.  By  exposure  to  air  and  moisture, 
it  is  gradually  converted  into  protosulphate  of  iron.  It  may 
be  made  artificially  by  igniting  protosulphate  of  iron  with 
charcoal ;  or  still  more  conveniently  by  heating  a  mixture  of 
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iron  filings  and  sulphur.  (Page  381.)  It  is  dissolred  coia- 
pletely  and  readily  by  dilute  sulphuric  or  muriatic  acid,  with 
diseDgagemeut  of  sulfAuretted  hydrogen.  It  is  composed  of 
28  parts  or  one  equivalent  of  iron,  and  16  parts  or  one  equi- 
valent of  sulphur. 

The  bisulphuret,  which  contains  two  equivalents  of  sul- 
phur, is  common  iron  pyrites.  When  heated  to  redness,  it 
loses  half  its  sulphur,  and  is  converted  into  the  protosul- 
phuret.     It  is  insoluble  in  sulphuric  and  muriatic  acid. 

Photphuret  of  iron. — This  compound  may  be  formed  by 
heating  phosphate  of  iron  with  charcoal.  It  is  sometimes 
contained  in  metallic  iron,  to  the  properties  of  which  it  is 
exceedingly  injurious  by  causing  it  to  be  brittle  at  common 
temperatures. 

Carburets  of  iron. — Carbon  and  iron  unite  in  very  various 
proportions;  but  there  are  three  compounds  very  distinct 
from  each  other — namely,  graphite,  cast  or  pig  iron,  and  steel. 

Graphite,  also  known  under  the  names  of  plumbago  and 
black  lead,  occurs  not  unfrequently  as  a  mineral  production, 
and  is  found  in  great  purity  at  Borrowdale  in  Cumberland. 
It  may  be  made  artificially  by  exposing  iron  with  excess  of 
charcoal  to  a  violent  and  long- continued  heat;  and  it  is  com- 
monly generated  in  small  quantity  during  the  preparation  of 
cast  iron.     Pure  specimens  contain  about  four  or  five  per 
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of  iron  and  charcoal.  It  always  contains  impurities,  such  as 
charcoal,  undecomposed  ore,  and  earthy  matters,  which  iire 
often  visible  by  mere  inspection;  and  sometimes  traces  of 
chromium,  manganese,  sulphur,  phosphorus,  and  arsenic  are 
present.  It  fuses  readily  at  2786^  F,  (Daniell)  which  is  a 
full  red  heat,  and  in  cooling  it  acquires  a  crystalline  granular 
texture.  The  quality  of  different  specimens  is  by  no  means 
uniform ;  and  two  kinds,  white  and  gray  cast  iron,  are  in 
particular  distinguished  from  each  other.  The  former  is  ex- 
ceedingly hard  and  brittle,  sometimes  breaking  like  glass 
from  sudden  change  of  temperature ;  while  the  latter  is  softer 
and  much  more  tenacious.  This  difference  appears  owing  to 
the  mode  of  combination,  rather  than  to  a  difference  in  the 
proportion  of  carbon  ;  for  the  white  variety  may  be  convert- 
ed into  the  gray  by  exposure  to  a  strong  heat  and  cooling 
slowly,  and  the  gray  may  be  changed  into  the  white  by  being 
heated  and  rapidly  cooled.  According  to  Karsten  the  carbon 
of  the  latter  is  combined  with  the  whole  mass  of  iron,  and 
amounts  as  a  maximum  to  6*25  per  cent ;  but  in  some  speci- 
mens its  proportion  is  considerably  less.  The  former,  on  the 
contrary,  contains  from  3*15  to  4*65  per  cent  of  carbon,  of 
which  about  three-fourths  are  in  the  state  of  graphite,  and 
are  left  as  such  after  the  iron  is  dissolved  by  acids ;  while  the 
remaining  fourth  is  in  combination  with  the  whole  mass  of 
metal,  constituting  a  carburet  which  is  very  similar  to  sted. 
Oray  cast  iron  may  hence  be  regarded  as  a  kind  of  steel,  in 
which  graphite  is  mechanically  mixed. 

Steel  is  commonly  prepared  in  this  country  by  the  process 
of  cementation,  which  consists  in  filling  a  large  furnace  with 
alternate  strata  of  bars  of  the  purest  malleable  iron  and  pow- 
dered  charcoal,  closing  every  aperture  so  as  perfectly  to  ex- 
clude atmospheric  air,  and  keeping  the  whole  during  several 
days  at  a  red  heat.  By  this  treatment  the  iron  gradually 
combines  with  from  1'3  to  1*75  per  cent  of  carbon,  its  texture 
is  greatly  changed,  and  its  surface  is  blistered.  It  is  subse- 
quently hammered  at  a  red  heat  into  small  bars,  and  may  be 
welded  either  with  other  bars  of  steel  or  with  malleable  iron. 
Mr.  Mackintosh  of  Glasgow  has  introduced  an  elegant  process 
of  forming  steel  by  exposing  heated  iron  to  a  current  of  coal 
gas,  when  carburetted  hydrogen  is  decomposed,  its  carbon 
enters  into  combination  with  iron,  and  hydrogen  gas  is  evolved. 
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In  ductility  and  malleability  it  is  far  inferior  to  ircm;  but 
exceeds  it  greatly  ia  hardness,  sonorousness,  and  elasticity. 
Its  texture  is  also  more  compact,  and  it  is  susceptible  of  a 
higher  polish.  It  sustains  a  full  red  heat  without  funng,  and 
is  therefore  less  fusible  than  cast  iron  ;  but  it  is  much  more 
so  than  malleable  iron.  By  fusion  it  forms  cast  steel,  which 
is  more  uniforiD  in  composition  and  texture,  and  posaesses  a 
doaer  gvaio*  tlum  ordinaiy  steel. 

SECTION  XIII. 

ZINC CADMIUM. 

ZINC. 
Tbb  zinc  of  commerce,  sometimes  called  sptlter,  is  ob- 
tiuned  rither  from  calamine,  native  carbonate  of  zinc,  or  from 
the  native  sulphuret,  zinc  blende  of  Diineralogists.  It  is  pro- 
cured from  the  fwmer  by  beat  and  carbonaceous  matters ; 
and  from  the  latter  by  a  similar  process  after  the  me  has 
been  previously  oxidized  by  rotuting,  that  is,  by  exposure  to 
the  air  at  a  low  red  heat.  Its  preparation  affords  mi  instance 
of  what  is  called  distillation  by  descent.  The  furnace  or  cru- 
cible for  reducing  the  ore  is  closed  above,  and  in  its  bottom 
is  6xed  an  iron  tube,  the  upper  aperture  of  which  is  in  the 
interior  of  the  crucible,  and  its  lower  terminates  just  above  a 
vessel  of  water.     The  vapour  of  zinc,  together  with  all  the 
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low  or  high  degrees  of  heat  it  is  brittle ;  but  at  temperatures 
between  210''  and  300""  F.  it  is  both  malleable  and  ductile,  a 
property  which  enables  zinc  to  be  rolled  or  hammered  into 
sheets  of  considerable  thinness.  Its  malleability  is  consi- 
derably diminished  by  the  impurities  which  the  zinc  of 
commerce  contains.  It  fuses  at  773  F.,  (DanieU)  and 
when  slowly  cooled  crystallizes  in  four  or  six-sided  prisms. 
Exposed  in  close  vessels  to  a  white  heat,  it  sublimes  un- 
changed. 

Zinc  undergoes  little  change  by  the  action  of  air  and 
moisture.  When  fused  in  open  vessels  it  absorbs  oxygen, 
and  forms  the  white  oxide,  called  flowers  of  zinc.  Heated  to 
full  redness  in  a  covered  crucible,  it  bursts  into  flame  as  soon 
as  the  cover  is  removed,  and  bums  with  a  brilliant  white  light. 
The  combustion  ensues  with  such  violence,  that  the  oxide  as 
it  is  formed  is  mechanically  carried  up  into  the  air.  The 
heat  at  which  it  begins  to  burn  is  estimated  by  DanieU  at 
94<1°  F.  Zinc  is  readily  oxidized  by  dilute  sulphuric  or 
muriatic  acid,  and  the  hydrogen  which  is  evolved  contains 
a  small  quantity  of  metallic  zinc  in  combination. 

Oxides  of  Zinc. — Chemists  are  not  agreed  as  to  the  number 
of  the  oxides  of  zinc ;  but  there  is  certainly  only  one  oxide  of 
importance,  that,  namely,  which  is  formed  under  the  drcum- 
stances  above  mentioned,  and  which  is  the  base  of  the  salts 
of  zinc.  At  common  temperatures  it  is  white;  but  when 
heated  to  low  redness,  it  assumes  a*  yellow  colour,  which 
gradually  disappears  on  cooling.  It  is  quite  fixed  in  the 
fire.  It  is  insoluble  in  water,  and  therefore  does  not  affect 
the  blue  colour  of  plants  ;  but  it  is  a  strong  salifiable  base, 
forming  regular  salts  with  acids,  most  of  which  are  colourless. 
It  combines  also  with  some  of  the  alkalies.  According  to 
the  experiments  of  Berzelius  40*5  is  its  equivalent ;  and  it 
may  be  regarded  as  a  compound  of  32*5  parts  or  one  equiva- 
lent of  zinc,  and  8  parts  or  one  equivalent  of  oxygen.  Its 
formula  is  Zn+O,  or  Zn. 

The  presence  of  zinc  is  easily  recognised  by  the  following 
characters. — The  oxide  is  precipitated  from  its  solutions  as  a 
white  hydrate  by  pure  potash  or  annnonia,  and  as  carbonate 
by  carbonate  of  ammonia,  but  is  completely  redissolved  by 
an  excess  of  the  precipitant.  The  fixed  alkaline  carbonates 
precipitate  it  permanently  as  white  carbonate  of  zinc  Hy- 
drosulphuret  of  ammonia  causes  a  white  precipitate,  which  is 
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dther  a  hydrosulphuret  of  the  oxide  of  zinc,  or  a  hydrated 
sulphuret  <Mf  the  metal.  Sulphuretted  hydrogen  acts  in  a 
aiinilar  manner,  if  the  solution  is  quite  neutral ;  but  it  has  no 
eflect  if  an  excess  of  any  strong  acid  is  present. 

When  metallic  zinc  is  exposed  for  some  time  to  air  and 
moisture,  or  is  kept  under  water,  it  acquires  a  superficial 
coating  of  a  gray  matter,  which  Berzelius  describes  as  a  sub- 
oxide. It  is  probably  a  mixture  of  metallic  zinc  and  the 
white  oxide,  into  which  it  is  resolved  by  the  action  of  acids. 
The  peroxide  is  prepared,  according  to  Thenard,  by  acting 
on  hydrated  white  oxide  of  zinc  with  peroxide  of  hydrogen 
diluted  with  water.  It  resolves  itself  so  readily  into  oxygea 
and  the  oxide  already  described,  that  it  cannot  be  preserved 
even  under  the  surface  of  water  i  and  its  composition  is  quit« 
unknown. 

Chloride  of  Zinc — This  compound,  called  butler  of  zinc 
from  its  soft  c<msistence,  is  formed,  with  evolution  of  heat 
and  light,  when  zinc  filings  are  introduced  into  chlorine  gas. 
It  was  prepared  by  Dr.  John  Davy  by  evaporating  muriate 
of  zinc  to  dryness,  and  heating  the  residue  to  redness  in  a 
glass  tube.  It  deliquesces  on  exposure  to  the  air,  being  re- 
converted into  a  muriate.  It  consists  of  one  equivalent  of 
each  of  its  elements. 

Bromide  and  iodide  may  be  formed  by  processes  similar 
to  those  for  preparing  the  analogous  compounds  of  iron. 
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poses*;  and  he  has  since  found  it  in  several  of  the  ores  of 
that  metal,  especially  in  a  radiated  blende  from  Bohemia 
which  contains  about  five  per  cent  of  cadmium.  The  late  Dr. 
Clarke  detected  its  existence  in  some  of  the  zinc  ores  of  Der- 
byshire, and  in  the  common  zinc  of  commerce.  Mr.  Hera^ 
path  has  found  it  in  considerable  quantity  in  the  zinc  works 
near  Bristol-f*.  During  the  reduction  of  calamine  by  coal, 
the  cadmium,  which  is  very  volatile,  flies  off  in  vapour  mixed 
with  soot  and  some  oxide  of  zinc,  and  collects  in  the  roof  of 
the  vault,  just  above  the  tube  leading  from  the  crucible. 
Some  portions  of  this  substance.yielded  from  twelve  to  twenty 
per  cent  of  cadmium. 

The  process  by  which  Stromeyer  separates  cadmium  from 
zinc  or  other  metals  is  the  following.  The  ore  of  cadmium 
is  dissolved  in  dilute  sulphuric  or  muriatic  add,  and  after 
adding  a  portion  of  free  acid,  a  current  of  sulphuretted  hy- 
drogen gas  is  transmitted  through  the  liquid  by  means  of 
which  the  cadmium  is  precipitated  as  sulphuret,  while  the 
zinc  continues  in  solution.  The  sulphuret  of  cadmium  is  then 
decomposed  by  nitric  acid,  and  the  solution  evaporated  to 
dryness.  The  dry  nitrate  of  cadmium  is  dissolved  in  water, 
and  an  excess  of  carbonate  of  ammonia  added.  The  white 
carbonate  of  cadmium  subsides,  which,  when  heated  to  red- 
ness, yields  a  pure  oxide.  By  mixing  this  oxide  with  char- 
coal, and  exposing  the  mixture  to  a  red  heat,  metallic  cad- 
mium is  sublimed. 

A  very  elegant  process  for  separating  zinc  from  cadmium 
was  proposed  by  Dr.  WoUaston.  The  solution  of  the  mixed 
metals  is  put  into  a  platinum  capsule,  and  a  piece  of  metallic 
zinc  is  placed  in  it.  If  cadmium  is  present,  it  is  reduced,  and 
adheres  so  tenaciously  to  the  capsule,  that  it  may  be  washed 
with  water  without  danger  of  being  lost.  It  may  then  be  dis- 
solved either  by  nitric  or  dilute  muriatic  acid. 

Cadmium,  in  colour  and  lustre,  has  a  strong  resemblance  to 
tin,  but  is  somewhat  harder  and  more  tenacious.^  It  is  very 
ductile  and  malleable.  Its  specific  gravity  is  8.604  before 
being  hammered,  and  8*694  afterwards.  It  melts  at  about  the 
same  temperature  as  tin,  and  is  nearly  as  volatile  aa  mercury, 
condensing  like  it  into  globules  which  have  a  metallic  lustre. 
Its  vapour  has  no  odour. 

•  Annali  of  Philowpby,  vol.  xiv.  t  Ibid.  N.  S.  vol,  iii. 
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When  heated  in  the  open  air,  it  absorbs  oxygen,  and  is 
converted  into  an  oxide.  Cadaiium  is  readily  oxidized  and 
dissolved  by  nitric  acid,  which  is  its  proper  solvent.  Sulphu- 
ric and  muriatic  acids  act  upon  it  less  easily,  and  the  oxygen 
is  then  derived  from  water. 

Cadmium  combines  with  oxygen,  so  far  as  is  yet  known  in 
one  proportion  only ;  and  this  oxide  is  conveniently  procured 
in  a  separate  state  by  igniting  the  carbonate.  It  has  aa 
orange  colour,  and  is  fixed  in  the  fire.  It  is  instduble  in 
waterj  and  does  not  change  the  colour  of  violets ;  but  it  is  a 
powerful  salifiable  base,  forming  neutral  salts  with  acida. 
This  oxide,  according  to  the  analysis  of  Stromeyer,  is  com- 
posed of  55-8  parts  of  cadmium  and  8  parts  of  oxygen.  It  is 
regarded  as  a  compound  of  one  equivalent  of  each  element, 
and  consequently  its  equivalent  is  63'8.  Its  formula  is 
Cd+O,  orCd. 

Oxide  of  cadmium  is  precipitated  as  a  white  hydrate  by 
pure  ammonia,  but  is  redissolved  by  excess  of  the  alkali.  It 
is  precipitated  permanently  by  pure  potash  as  a  hydrate,  and 
by  all  the  alkaline  carbonates  as  carbonate  of  cadmium. 

Sulphuret  of  cadmium,  which  occurs  native  in  some  kinds 
of  zinc  blende,  is  easily  procured  by  the  action  of  sulphur- 
etted hydrc^en  on  a  salt  of  cadmium.  It  has  a  yellowish- 
orange  colour,  and  is  distinguished  from  sulphuret  of  arsenic 
by  being  insoluble  in  pure  potash,  and  by  sustaining  a  white 
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contain  a  very  pure  oxide,  and  yield  the  purest  kind  of  grain 
tin.  An  inferior  sort  is  prepared  by  heating  bars  of  tin,  ex- 
tracted from  the  common  ore,  to  very  near  their  point  of 
fusion,  when  the  more  fusible  parts,  which  are  the  purest, 
flow  out ;  and  the  less  fusible  portions  constitute  block  tin. 
The  usual  impurities  are  iron,  copper,  and  arsenic. 

Tin  has  a  white  colour,  and  a  lustre  resembling  that  of 
silver.  The  brilliancy  of  its  surface  is  but  very  slowly  im- 
paired by  exposure  to  the  atmosphere,  nor  is  it  oxidized 
even  by  the  combined  agency  of  air  and  moisture.  Its  mal- 
leability is  very  considerable ;  for  the  thickness  of  common 
tin-foil  does  not  exceed  1-lOOOth  of  an  inch.  In  ductility 
and  tenacity  it  is  inferior  to  several  metals.  It  is  soft  and 
inelastic,  and  when  bent  backwards  and  forwards,  emits  a 
peculiar  crackling  noise.  Its  specific  gravity  is  about  7*9* 
At  442^  F.  it  fuses,  and  if  exposed  at  the  same  time  to  the 
air,  its  surface  tarnishes,  and  a  gray  powder  is  formed. 
When  heated  to  whiteness,  it  takes  fire  and  bums  with  a 
white  flame,  being  converted  into  peroxide  of  tin. 

Oxides  of  Tin, — ^Tin  is  susceptible  of  two  degrees  of  oxida- 
tion. Both  the  oxides  of  tin  form  salts  by  uniting  with  acids ; 
but  they  are  likewise  capable  of  combining  with  alkalies. 
According  to  the  experiments  of  Berzelius,  these  oxides  are 
thus  constituted : — 

Tin.  Oxygen.  Foimulc 

Protoxide  .  57*9  or  1  eq.  +    8  =  669  .  Sn+Oor  Sn. 

Peroxide     .  579  or  1  eq.  +  16  =  739  .  Sn+20 or  Sn. 

The  symbol  Sn  is  from  the  Latin  word  Stannum. 

The  protoxide  is  of  a  gray  colour,  and  is  formed  when  tin 
is  kept  for  some  time  in  a  state  of  fusion  in  an  open  vessel. 
It  may  also  be  procured  by  precfpitation  from  protomuriate 
of  tin.  This  salt  is  made  by  boiling  tin  in  strong  muriatic 
acid,  when  the  metal  is  oxidized  by  decomposition  of  water ; 
and  if  atmospheric  air  be  carefully  excluded,  a  pure  proto- 
muriate results.  From  this  solution  the  hydrated  protoxide 
may  be  precipitated  either  by  pure  potash  or  its  carbonate; 
but  an  excess  of  the  former  must  be  carefully  avoided,  as 
otherwise  the  precipitate  would  be  redissolved.  It  is  essen- 
tial likewise  to  the  success  of  the  process  that  the  protoxide 
should  be  both  washed  and  dried  without  exposure  to 
the  air. 


Protoxide  of  tiD  is  remarkable  for  its  powerful  affinity  for 
oxygen.  When  heated  in  opea  vessels,  it  is  converted  into 
peroxide  with  evolution  of  heat  and  light.  Its  salts  not  only 
attract  oxygen  from  the  lur,  but  act  as  powerful  deoxidizing 
agents.  Thus,  protomuriate  of  tin  converts  the  peroxide  of 
copper  or  iron  into  protoxides,  and  precipitates  silver,  mer- 
cury, and  platinum  from  their  solutions  in  the  metallic  state. 
Added  to  B  solution  of  gold,  it  occasions  a  purple-coloured 
precipitate,  the  purple  of  Cassias,  which  appears  to  be  a  com- 
pound of  peroxide  of  tin  and  protoxide  of  gold.  By  this  cha- 
racter protoxide  of  tin  is  recognised  with  certainty.  I(  is 
thrown  down  by  sulphuretted  hydrogen  as  black  protosul- 
phuret  of  tin. 

Peroxide  of  tin  is  moat  conveniently  prepared  by  the  action 
of  nitric  acid  on  metallic  tin.  Nitric  acid,  in  its  most  con- 
centrated state,  does  not  act  easily  upon  tin ;  but  when  a 
small  quantity  of  water  is  added,  violent  effervescence  takes 
place  owing  to  the  evolution  of  nitrous  acid  and  bin-oxide  of 
m'trogen,  and  a  white  powder,  the  hydrated  peroxide,  is  pro- 
duced. On  edulcorating  this  substance,  and  heating  it  to 
redness,  watery  vapour  is  expelled,  and  the  pure  peroxide,  of 
a  straw-yellow  colour,  remains.  In  this  process  ammonia  ia 
generated,  a  drcumstance  which  proves  water  as  well  as  nitric 
add  to  be  decomposed. 

Peroxide  <^  tin  acts  the  part  of  a  weak  acid,  uniting  with 


Chlorides  of  Tin. — Tin  unites  in  two  proportions  with  chlo- 
rine, and  the  researches  of  Dr.  Davy  leave  no  doubt  of  these 
compounds  being  analogous  in  composition  to  the  oxides  of  tin. 

The  protochloride,  which  consists  of  one  equivalent  of  tin 
and  one  equivalent  of  chlorine,  may  be  made  either  by  evapo« 
rating  the  muriate  of  the  protoxide  to  dryness  and  fusing  the 
residue  in  a  close  vessel,  or  by  heating  an  amalgam  of  tin 
with  calomel.  (Dr.  Davy.)  It  is  a  gray  solid  substance^  of  a 
resinous  lustre^  which  fuses  at  a  heat  bdow  redness,  and  when 
heated  in  chlorine  gas  is  converted  into  the  bichloride. 

The  bichloride,  composed  of  one  equivalent  of  tin  and  two 
equivalents  of  chlorine,  may  be  prepared  either  by  heating 
metallic  tin  or  the  protochloride  in  an  atmosphere  of  chlorine, 
or  by  distilling  a  mixture  of  eight  parts  of  tin  in  powder  with 
twenty-four  of  corrosive  sublimate.  It  is  a  colourless  volatile 
liquid,  which  emits  copious  white  fumes  when  exposed  to  the 
atmosphere.  It  has  a  very  strong  attraction  for  water,  and 
is  converted  by  that  fluid  into  the  permuriate.  It  was  for- 
merly caUed  the/uming  liqvjor  of  lAbavius. 

Sulphurets  of  IVn.-— The  protosulphuret  is  best  formed  by 
heating  sulphur  with  metallic  tin.  A  brittle  compound  of  a 
bluish-gray  colour  and  metallic  lustre  results,  which  is  fusible 
at  a  red  heat,  and  assumes  a  lamellated  structure  in  cooling. 
It  is  dissolved  by  muriatic  add,  with  disengagement  of  suU 
phuretted  hydrogen.  According  to  the  analysis  of  Dr.  Davy 
and  Berzelius,  it  is  composed  of  one  equivalent  of  tin  and  one 
equivalent  of  sulphur. 

The  bisulphuret,  formerly  called  aurum  niiattnitn,  has  a 
golden  yellow  colour,  and  is  made  by  heating  a  mixture  of 
sulphur  and  peroxide  of  tin  in  dose  vessels.  The  elements  of 
the  latter  unite  with  separate  portions  of  sulphur,  forming  sul- 
phurous acid  and  bisulphuret  of  tin.  This  compound  was 
supposed  by  Proust  to  be  the  hydrosulphuret  of  the  peroxide 
of  tin,  and  its  real  nature  was  first  made  known  by  Dr. 
Davy.  (Philos.  Trans,  for  1812,  page  198.)  It  consists  of 
one  equivalent  of  tin  and  two  equivalents  of  sulphur. 

By  exposing  a  mixture  of  sulphur  and  protosulphuret  of 
tin  to  a  low  red  heat,  Berzelius  obtained  a  compound  conost- 
ing  of  two  equivalents  of  tin,  and  three  equivalents  of  sul- 
phur. If  it  is  really  a  definite  compound,  it  should  be  term- 
ed a  sesguisulphuret. 


SECTION  XV. 


COBALT. 

Thib  metal  ia  met  with  in  the  earth  chiefly  in  combination 
with  arsenic,  conatituting  an  ore  from  which  all  the  cobalt  of 
commerce  is  derived.  It  is  a  constant  ingredient  of  meteoric 
iron ;  at  least  Professor  Stromejer  informs  me  that  be  fau 
annlysed  leveral  varietiea,  in  every  one  of  which  he  has  de- 
tected the  presence  of  cobalt. 

When  native  arseniuret  of  cobalt  is  broken  into  small 
fneces,  and  exposed  in  a  reverberatory  furnace  to  the  united 
action  of  beat  and  air,  its  elements  are  oxidized,  most  of  the 
arsenious  acid  is  expelled  in  the  form  of  vapour,  and  an  im- 
pure oxide  of  cobalt,  called  laffre,  remains.  On  heating  (his 
substance  with  a  mixture  of  sand  and  potash,  a  beautiful  blue 
coloured  glass  is  obtained,  which,  when  reduced  to  powder,  is 
known  by  the  name  of  smalt. 

Metallic  cobalt  may  be  obtained  by  dissolving  zaffre  in 
muriatic  add,  and  transmitting  through  the  solution  a  current 
al  sulphuretted  hydrogen  gas  until  the  arsenious  add  is  com- 
pletely separated  in  the  form  of  aulphuret  of  arsenic.  The 
filtered  liquid  is  then  boiled  with  a  little  nitric  acid,  in  order 
to  convert  the  protoxide  into  peroxide  of  iron,  and  an  excess 
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evaporation,  and  conducting  the  remainder  of  the  process  as 
above  described.  The  arseniuret  from  Tiinaberg  should  be 
preferred  for  this  purpose,  as  it  is  in  general  free  from  nickel, 
which  always  accompanies  the  cobalt  ores  of  Germany. 

Cobalt  is  a  brittle  metal,  of  a  reddish-gray  colour,  and  weak 
metallic  lustre.  Its  density,  according  to  my  observation,  is 
7*834.  It  fuses  at  about  130^  of  Wedgwood,  and  when  slowly 
cooled  it  crystallizes.  It  is  attracted  by  the  magnet^  and  is 
susceptible  of  being  rendered  permanently  magnetic.  It  un- 
dergoes little  change  in  the  air,  but  absorbs  oxygen  when 
heated  in  open  vessels.  It  is  attacked  with  difficulty  by  sul- 
phuric or  muriatic  acid,  but  is  readily  oxidized  by  means  of 
nitric  acid.  Like  iron  and  the  other  metals  of  this  order  it 
decomposes  water  at  a  red  heat  with  disengagement  of  hy- 
drogen gas.     (Despretz.) 

Oxides  of  Cobalt. — Chemists  are  acquainted  with  two  oxides 
of  cobalt,  the  oxygen  of  which  is  in  the  ratio  of  1  to  1*5. 
According  to  the  experiments  of  Rothoff  (An.  of  Phil.  iii. 
856)  the  protoxide  is  composed  of  29*5  parts  or  one  equiva^ 
lent  of  cobalt,  and  eight  parts  of  oxygen.  Dr.  Thomson 
infers  from  his  analysis  of  sulphate  of  cobalt,  that  twenty-six 
is  the  equivalent  of  this  metal ;  but  the  inference  from  this 
and  various  other  analyses  of  Dr.  Thomson  is  vitiated  by  his 
error  in  the  equivalent  of  barium.  I  shall  therefore  adopt 
the  estimate  of  Rothoff.  Designating  cobalt  by  Co,  the  for- 
multtofits  oxides  are  Co+O  or  Co^and  Co+l^O  or  i  (Co); 
and  thdr  equivalents  are  37*5,  and  41*5. 

The  protoxide  is  of  an  ash-gray  colour,  and  is  the  basis  of 
the  salts  of  cobalt,  most  of  which  are  of  a  pink  hue.  MHien 
heated  to  redness  in  open  vessels  it  absorbs  oxygen,  and  is 
converted  into  the  peroxide.  It  may  be  prepared  by  decom- 
posing carbonate  of  cobalt  by  heat  in  a  vessel  from  which 
atmospheric  air  is  excluded.  It  is  easily  recognised  by  giving 
a  blue  tint  to  borax  when  melted  with  it ;  and  is  employed 
in  the  arts,  in  the  form  of  smalt,  for  communicating  a  similar 
colour  to  glass,  earthenware,  and  porcelain. 

Protoxide  of  cobalt  is  precipitated  from  its  salts  by  pure 
potash  as  a  blue  hydrate,  which  absorbs  oxygen  from  the  air, 
and  gradually  becomes  black.  Pure  ammonia  likewise  causes 
a  blue  predpiUte,  which  is  redissolved  by  the  alkali  if  in 
excess.    It  is  thrown  down  as  a  pale  pink  carbonate  by  car- 


boiute  of  potash,  soda,  or  ammonia ;  but  an  excess  of  the 
last  redissolves  it  with  facility.  Sulphuretted  hydrogen  pro- 
duces no  change,  unless  the  solution  is  quite  neutral,  or  the 
oxide  is  combioed  with  a  weak  udd.  Alkaline  hydrosulphu- 
Tets  always  precipitate  it  as  black  sulphuret  of  cobalt. 

Muriate  of  cobalt  is  celebrated  as  a  sympathetic  ink. 
When  diluted  with  water  so  as  to  form  a  pale  pink  solution, 
and  theu  employed  as  ink,  the  letters,  which  are  invisible  in 
the  cold,  become  blue  if  gently  heated. 

Peroxide  of  cobalt  is  of  a  black  colour,  and  is  easily  formed 
from  the  protoxide  in  the  way  already  mentioned.  It  does 
not  unite  with  acids ;  and  when  digested  in  muriatic  acid,  the 
protomuriate  of  cobalt  is  generated  with  disengagement  of 
chlorine.  When  strongly  heated  in  close  vessels,  it  gives  off 
oxygen,  and  is  converted  into  the  protoxide. 

When  a  salt  of  cobalt  is  treated  with  pure  ammonia  in  close 
vessels,  part  of  the  cobalt  is  dissolved,  and  part  subsides  in 
form  of  a  blue  powder.  On  admitting  atmospheric  air,  this 
substance  passes  to  a  higher  slate  of  oxidation,  and  is  gra- 
dually dissolved.  If  nitrate  of  cobalt  is  used,  a  double  salt 
may  be  obtained  in  crystals  which  L.  Gmelin,  to  whom  we 
are  indebted  for  these  remarks,  believes  to  consist  of  nitrate 
and  cobaltatt  of  ammonia.  The  existence  of  this  acid,  how- 
ever, has  not  yet  been  satisfactorily  established. 

Cobalt  appears  to  unite  with  sulphur  in  three  proportions  ; 
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The  bisulphuret  is  prepared,  according  to  Setterberg,  by 
beating  carbonate  of  cobalt  in  a  state  of  intimate  mixture 
with  one  and  a  half  of  its  weight  of  sulphur.  The  process  is 
conducted  in  a  glass  retort,  and  the  heat  continued  as  long  as 
sulphur  is  expelled ;  but  the  temperature  should  not  be  suf- 
fered to  reach  that  of  redness. 

The  compounds  of  cobalt  with  the  other  non-metallic  bo- 
dies have  hitherto  been  little  examined. 

NICKEL. 

Nickel  is  a  constituent  of  meteoric  iron.  It  occurs  likewise 
in  the  copper  coloured  mineral  of  Westphalia,  termed  copper  • 
nickel,  a  native  arseniuret  of  nickel,  which  in  addition  to  its 
chief  constituents  contains  sulphur,  iron,  cobalt,  and  copper. 
The  preparations  ot  nickel  may  either  be  made  from  this  mi- 
neral or  from  the  artificial  arseniuret  called  speiss,  a  metallur- 
gic  production  obtained  in  forming  smalt  from  the  roasted  ores 
of  cobalt.  Various  processes  have  been  devised  for  procuring 
a  pure  salt  of  nickd,  but  the  following  appears  to  me  as 
simple  and  perhaps  as  successful  as  any.  After  reducing 
speiss  to  fine  powder,  it  is  digested  in  sulphuric  acid,  to 
which  a  fourth  part  of  nitric  acid  is  added ;  and  when  the 
solution  is  saturated  with  nickel,  it  is  set  aside  for  several 
hours  in  order  that  arsenious  acid  may  separate,  and  is  then 
filtered.  The  clear  liquid  is  subsequently  mixed  with  a 
solution  of  sulphate  of  potash,  and  set  aside  to  crystallize 
spontaneously ;  when  a  double  salt,  sulphate  of  nickel  and 
potash,  is  deposited.  Dr»  Thomson,  who  proposed  this  pro- 
cess, states  that  the  crystals  thus  obtained  are  quite  free 
from  arsenic  and  iron,  and  contain  no  impurities  except  cop- 
per and  cobalt.  The  former  is  easily  precipitated  as  sul- 
phuret  by  a  current  of  sulphuretted  hydrogen  gas,  a  little 
free  sulphuric  acid  being  previously  added  ;  and  at  the  same 
time  any  traces  of  arsenic,  if  present,  would  likewise  subside 
as  orpiment.  The  filtered  liquid  is  then  heated  to  expel  free 
sulphuretted  hydrogen,  and  the  oxides  of  nickd  and  cobalt 
precipitated  by  carbonate  of  potash.  The  separation  of  these 
oxides  may  then  be  effected  by  the  method  suggested  by 
Berthier.  The  mixed  hydrates,  after  being  well  washed, 
are  suspended  in  water  through  whidi  chlorine  is  transmitted 
to  saturation.     All  the  cobalt,  and  generally  some  nickel,  is 


converted  into  peroxide  and  thus  rendered  insoluble ;  while 
the  greater  part  of  the  nickel  is  diasolved  in  the  form  of 
nmriate,  and  may  be  removed  from  the  insoluble  peroztdea 
by  filtration. 

Metallic  nickel,  which  may  be  prepared  either  by  beating 
the  oxalate  in  close  vesselft,  or  by  the  combined  action  of  he«t 
and  charcoal  or  hydrogen  on  oxide  of  nickel,  is  of  a  i^le 
colour,  intermediate  between  that  of  tin  and  nlver.  It  has  a 
strong  metallic  lustre,  and  is  both  ductile  and  malleable.  It 
is  attracted  by  the  magnet,  and  like  iron  and  cobalt  may  be 
rendered  magnetic.  Its  specific  gravity  after  fusion  it  about 
8-279,  and  is  increased  to  near  9*0  by  hammering. 

Nickel  is  very  infusible,  but  less  so,  according  to  iny  ob- 
servation, than  pure  iron.  It  suffers  no  change  at  common 
temperatures  by  exposure  to  air  and  moisture ;  but  it  absorbs 
oxygen  at  a  red  heat,  though  not  rapidly,  and  is  partiaHy 
oxidized.  It  decomposes  water  at  the  same  temperature- 
Muriatic  and  sulphuric  acids  act  upon  it  with  difficulty  ;  but 
by  nitric  acid  it  is  readily  oxidized,  and  forms  a  nitrate  of  the 
protoxide  of  nickel. 

Nickel  is  susceptible  of  two  stages  of  oxidation,  and  the 
oxygen  of  the  oxides  is  in  the  ratio  of  1  to  1*5.  The  equiva- 
lent of  this  metal  has  not  yet  been  satisfactorily  determined. 
According  to  tome  Mtalyses  of  Berthier,  made  by  reducing 
the  oxide  <^  nickd  by  heat  and  charcoal,  the  equivalent  liea 
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by  heat  unaided  by  combustible  matter;  but  I  have  exposed 
it  to  intense  heat  in  a  wind  furnace^  without  its  reduction 
being  effected.  It  is  not  attracted  by  the  magnet.  It  is  a 
strong  alkaline  base,  and  nearly  all  its  salts  have  a  green  tint. 
It  is  precipitated  as  a  hydrate  of  a  pale-green  colour  by  the 
pure  alkalies,  but  is  redissolved  by  ammonia  in  excess ;  as  a 
pale  green  carbonate  by  alkaline  carbonates,  but  is  dissolved 
by  an  excess  of  carbonate  of  ammonia ;  and  as  a  black  sul- 
phuret  by  alkaline  hydrosulphurets.  Sulphuretted  hydrogen 
occasions  no  precipitate,  unless  the  solution  is  quite  neutral, 
or  the  oxide  combined  with  a  weak  acid. 

Peroxide  of  nickel  has  a  black  colour,  and  is  formed  by 
transmitting  chlorine  gas  through  water  in  which  the  hydrate 
of  the  protoxide  is  suspended.  The  peroxide  does  not  unite 
with  acids,  is  decomposed  by  a  red  heat,  and  with  hot  mu- 
riatic acid  forms  a  protomuriate  with  disengagement  of  chlo- 
rine gas. 

Thenard  succeeded  in  preparing  a  peroxide  by  the  action 
of  peroxide  of  hydrogen  on  hydrated  protoxide  of  nickel ;  but 
it  is  uncertain  whether  the  composition  of  this  peroxide  is 
identical  with  that  above  described,  or  different.  Two  sub- 
oxides have  likewise  been  enumerated  ;  but  their  existence  is 
exceedingly  problematical. 

Protosulphuret  of  nickel  is  formed  by  processes  similar  to 
those  described  for  preparing  protosulphuret  of  cobalt.  The 
precipitated  sulphuret  is  dark  brown  or  nearly  black,  and  is 
dissolved  by  muriatic  acid  with  evolution  of  sulphuretted 
hydrogen ;  while  that  procured  in  the  dry  way  is  of  a  gray- 
ish yellow  colour,  and  requires  for  solution  nitric  or  mtro> 
muriatic  acid.  It  occurs  as  a  natural  production  in  very 
delicate  acicular  crystals,  the  haarkies  of  the  Oermans. 

Arfwedson  obtained  another  sulphuret  by  transmitting 
hydrogen  gas  over  sulphate  of  nickel  at  a  red  heat.  It  is  of 
a  lighter  yellow  and  more  fusible  than  the  former,  and  ap> 
pears  to  be  a  disulphuret,  consisting  of  ona  equivalent  of 
sulphur  and  two  of  nickel. 

Phosphorus  unites  readily  with  nickel,  forming  a  white 
fusible  phosphuret.  When  nickel  and  charcoal  are  heated 
together,  and  the  uncombined  metal  removed  by  muriatic 
acid,  a  carburet  of  nickel  remains,  similar  in  appearance  to 
graphite.     (Berzelius.) 


CLASS    II. 
ORDER  II. 

METALS  WHICH  DO  KOT  DECOMPOSE  WATER  AT  ANY 
TEMPERATURE,  AND  THE  OXIDES  OF  WHICH  ARE  NOT 
REDUCED  TO  THE  METALLIC  STATE  BY  THE  SOLE  AC- 
TION OF  HEAT. 

SECTION   XVI. 


Metalug  arsenic  sometimes  occurs  native,  but  more  fre- 
quently it  is  found  in  combination  with  other  metals,  and 
especially  with  cobalt  and  iron.  On  roasting  these  arsenical 
ores  in  a  reverberatory  furnace,  the  arsenic,  from  its  volatility, 
is  expelled,  combines  with  oxygen  as  it  rises,  and  condenses 
into  thick  cakes  on  the  roof  of  the  chimney.  The  sublimed 
mass,  after  being  purified  by  a  second  sublimation,  is  the 
virulent  poison  known  by  the  name  of  arsenic  or  white  oxide 
<^ arsenic.  From  this  substance  the  metal  iteelf  is  procured 
by  heating  it  with  charcoal.  The  most  convenient  process  is 
to  mix  the  white  oxide  with  about  twice  its  weight  of  black 
flux,  and  expose  the  mixture  to  a  red  heat  in  a  hessian  cruci- 
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rapidly  converted  into  the  white  oxide.  According  to  Hahne-' 
man  it  is  slowly  oxidized  and  dissolved  by  being  boiled  in 
water.  In  general  it  speedily  tarnishes  by  exposure  to  air 
and  moisture,  acquiring  upon  its  surface  a  dark  film,  which 
is  extremely  superficial ;  but  Berzelius  remarks  that  he  has 
kept  some  specimens  in  open  vessels  for  years  without  loss  of 
lustre,  while  others  are  oxidized  through  their  whole  sub- 
stance, and  fall  into  powder.  The  product  of  this  spontane- 
ous oxidation,  which  is  known  abroad  under  the  name  of 
Jly-powder^  is  supposed  by  Berzelius  to  be  an  oxide ;  but  it  is 
more  generally  regarded  as  a  mixture  of  white  oxide  and  me- 
tallic arsenic     (Lehrbuch  der  Chemie,  ii.  32.) 

COMPOUNDS   OF   ARSENIC   AND   OXYGEN. 

Chemists  are  acquainted  with  two  compounds  of  arsenic 
and  oxygen ;  and  as  they  both  possess  the  properties  of  an 
add,  the  terms  arsenious  and  arsenic  acid  have  been  properly 
applied  to  them.  According  to  the  experiments  of  Berzelius, 
whose  estimate  is  now  admitted  by  all  chemists,  the  oxygen 
in  these  adds  has  the  dngular  ratio  of  1^  to  2^,  or  3  to  5  ; 
and  thdr  composition  may  be  thus  stated  :— 

Arsenic.  Oiygen. 

Arsenious  Acid  37 '7  or  1  eq.-f     12  or  1^  eq.  =  49*7 
Arsenic  Acid    .  37*7  or  1  eq.  +     20  or  2i  eq.  =  57*7 

The  atomic  constitution  suggested  by  this  ratio  is  expressed 
by  the  formulae  2  As+3  0  or  As  for  arsenious  acid,  and 

2  As +5  O  or  As  for  arsenic  acid.  This  has  induced  Berze- 
lius to  double  the  equivalent  of  the  adds  of  arsenic ;  but 
since  the  quantity  of  arsenic  add  required  to  neutralize  one 
equivalent  of  alkali  is  57*7  and  not  115-4,  I  shaU  continue, 
agreeably  to  the  practice  of  British  chemists,  to  employ  the 
former  of  these  numbers,  and  indicate  it  by  the  formula 

iCAs). 

Arsenious  Acid. — ^This  compound,  frequently  called  wkite 
oxide  of  arsenic,  is  always  generated  when  arsenic  is  heated  in 
open  vessels,  and  may  be  prepared  by  digesting  the  metal  in 
dilute  nitric  add.  The  white  arsenic  of  commerce  is  derived 
from  the  native  arseniurets  of  cobalt,  bdng  sublimed  during 
the  roasting  of  these  ores  for  the  preparation  of  zaffire,  and  it 
is  purified  by  a  second  sublimation  in  iron  vessels.     It  is  com- 
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When  metallic  arseDic  is  sharply  heated  with  hydrate  of 
potash,  pure  hydrogen  gas  is  evolved,  and  a  mass  is  left  con* 
sisting  of  arseniuret  of  potassium  and  arsenite  of  potash ; 
facts,  which  prove  that  a  portion  of  arsenic  is  oxidized,  and 
derives  its  oxygen  partly  from  water  and  partly  from  potash. 
If  the  heat  is  raised  to  redness,  the  arsenious  add  is  resolved 
into  arsenic  acid  and  metal,  the  former  remaining  as  an 
arseniate,  while  the  latter  is  expelled.  Similar  phenomena 
ensue  with  the  hydrates  of  soda,  baryta,  and  lime ;  except 
that  with  the  two  latter  no  arsenic  acid  is  produced.  (Sou- 
beiran  in  An.  de  Ch.  et  Ph.  xliii.  410.) 

The  frequent  exhibition  of  arsenious  acid  as  a  poison  renders 
the  detection  of  this  compound  an  object  of  great  import- 
ance  to  Medical  Practitioners  as  well  as  to  the  Chemist.  In 
this  as  in  all  similar  inquiries,  the  object  to  be  held  in  view 
is  the  discovery  of  a  few  decisive  characters,  by  means  of 
which  the  poison  may  be  distinguished  from  all  other  bodies, 
and  when  present  but  in  small  quantity,  either  in  pure  water, 
or  in  any  fluids  likely  to  be  met  with  in  the  stomach,  may 
with  certainty  be  detected.  The  attention  should  be  fixed  on 
one  or  two  tests  of  admitted  value,  and  all  others  be  set 
aside.  With  this  feeling  I  shall  indicate  the  mode  of  apply- 
ing the  three  principal  tests,  namely,  the  ammoniaco-nitrate 
of  silver,  ammoniaco-sulphate  of  copper,  and  sulphuretted 
hydrogen. 

1.  Arsenious  acid  is  not  precipitated  by  nitrate  of  silver 
unless  an  alkali  is  present,  to  neutralize  the  nitric  acid.  Am- 
monia is  commonly  employed  for  the  purpose ;  but  as  arsenite 
of  silver  is  very  soluble  in  ammonia,  an  excess  of  the  alkali 
would  retain  the  arsenite  in  solution.  To  remedy  this  incon- 
venience, Mr.  Hume,  of  Long  Acre,  proposes  to  employ  the 
ammoniacal  nitrate  of  silver,  which  is  made  by  dropping  am- 
monia into  a  rather  strong  solution  of  lunar  caustic  till  the 
oxide  of  silver  at  first  thrown  down  is  nearly  all  dissolved. 
The  liquid  thus  prepared  contains  the  precise  quantity  of 
ammonia  which  is  required ;  and  when  mixed  with  arsenious 
acid,  two  neutral  salts  result,  the  soluble  nitrate  of  ammooiaf 
and  the  insoluble  yellow  arsenite  of  silver.  Ammoniacal 
nitrate  of  silver  likewise  diminishes  the  risk  of  fallacy  that 
might  arise  from  the  presence  of  phosphoric  acid.  Phosphate 
of  silver  is  so  very  soluble  in  ammonia,  that  when  a  neutral 
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solution  with  a  little  acetic  or  muriatic  acid.  Sulphuretted 
hydrogen  likewise  acts  on  arsenic  in  all  vegetable  and  animal 
fluids  if  previously  boiled,  filtered,  and  acidulated. 

But  it  does  not  necessarily  follow,  because  sulphuretted 
hydrogen  causes  a  yellow  precipitate,  that  arsenic  is  present ; 
since  there  are  not  less  than  four  other  substances,  namely,  se- 
lenium, cadmium,  tin,  and  antimony,  the  sulphurets  of  which, 
judging  from  their  colour  alone,  might  possibly  be  mistaken 
for  orpiment.  From  these  and  all  other  substances  whatever, 
the  sulphuret  of  arsenic  may  be  thus  distinguished. — On  dry- 
ing the  sulphuret,  mixing  it  with  black  flux,  and  heating  the 
mixture  contained  in  a  glass  tube  to  redness  by  means  of  a 
spirit-lamp,  decomposition  ensues,  and  a  metallic  crust  of  an 
iron-gray  colour  externally,  and  crystalline  on  its  inner  sur- 
face, is  deposited  on  the  cool  part  of  the  tube.  This  charac- 
ter alone  is  quite  satisfactory ;  but  it  is  easy  to  procure  addi- 
tional evidence,  by  reconverting  the  metal  into  arsenious  acid, 
so  as  to  obtain  it  in  the  form  of  resplendent  octohedral  crys- 
tals. This  is  done  by  holding  that  part  of  the  tube  to  which 
the  arsenic  adheres  about  three-fourths  of  an  inch  above 
a  very  small  spirit-lamp  flame,  so  that  the  metal  may  be 
slowly  sublimed.  As  it  rises  in  vapour  it  combines  with 
oxygen,  and  is  deposited  in  crystals  within  the  tube.  The 
character  of  these  crystals  with  respect  to  volatility,  lustre, 
transparency,  and  form,  is  so  exceedingly  well  marked,  that 
a  practised  eye  may  safely  identify  them,  though  their  weight 
should  not  exceed  the  100th  p^rt  of  a  grain.  This  experi^ 
ment  does  not  succeed  unless  the  tube  be  quite  clean  and  dry. 

The  only  circumstance  which  occasions  a  difficulty  in  the 
preceding  process,  is  the  presence  of  organic  substances,  which 
cause  the  precipitate  to  subside  imperfectly,  render  filtration 
tedious,  and  froth  up  inconveniently  during  the  reduction. 
Hence,  if  so  abundant  as  materially  to  impede  filtration  and 
prevent  the  liquid  from  becoming  dear,  they  should  be  re- 
moved before  sulphuretted  hydrogen  is  employed.  This  is 
often  sufficiently  effected  by  acidulating  with  acetic  acid«  by 
which  caseous  and  albuminous  substances  are  coagulated; 
but  a  more  complete  separation  is  accomplished  by  eviqxura- 
ting  the  solution  at  a  moderate  heat  to  dryness,  redissolving 
anew  by  boiling  successive  portions  of  distilled  water  on  the 
residue,  and  then  filtering  the  solution  after  it  has  cooled. 
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charcoal  operates  usefully  by  facilitating  the  decomposidon 
of  the  alkaline  carbonate.  The  whole  of  the  arsenic,  however, 
is  not  sublimed ;  but  part  of  it  enters  into  union  with  potas- 
sium, and  remains  with  the  flux. 

Arsenic  Acid. — ^This  compound  is  made  by  dissolving  arse- 
nious  acid  in  concentrated  nitric,  mixed  with  a  little  muriatic 
acid,  and  distilling  the  solution  to  perfect  dryness.  The  add 
thus  prepared  has  a  sour  metallic  taste,  reddens  v^^etable 
blue  colours,  and  with  alkalies  forms  neutral  salts,  which  are 
termed  arseniates.  It  is  much  more  soluble  in  water  than 
arsenious  acid,  dissolving  in  five  or  six  times  its  weight  of 
cold,  and  in  a  still  smaller  quantity  of  hot  water.  It  forms 
irregular  grains  when  its  solution  is  evaporated,  but  does  not 
crystallize.  If  strongly  heated  it  fuses  into  a  glass  which  is 
deliquescent.  When  urged  by  a  very  strong  red  heat  it  is 
resolved  into  oxygen  and  arsenious  acid.  It  is  an  active 
poison. 

Arsenic  acid  is  decomposed  by  sulphuretted  hydrogen  gas, 
and  yields  a  sulphuret  of  arsenic  very  like  orpiment  in  colour, 
but  containing  a  greater  proportional  quantity  of  sulphur. 
The  soluble  arseniates,  when  mixed  with  the  nitrates  of  lead 
or  silver,  form  insoluble  arseniates,  the  former  of  which  has  a 
white,  and  the  latter  a  brick-red  colour.  They  dissolve  readily 
in  dilute  nitric  acid,  and  when  heated  with  charcoal  yield 
metallic  arsenic. 

Chloride  of  Arsenic. — When  arsenic  in  powder  is  thrown 
into  a  jar  full  of  dry  chlorine  gas,  it  takes  fire,  and  a  chloride 
of  arsenic  is  generated;  and  the  same  compound  may  be 
formed  by  distilling  a  mixture  of  six  parts  of  corronve  subli- 
mate with  one  of  arsenic.  It  is  a  colourless  volatile  liquid, 
which  fumes  strongly  on  exposure  to  the  air,  hence  called 
fuming  liquor  of  arsenic^  and  is  resolved  by  water  into  muri- 
atic and  arsenious  acids.  According  to  Dr.  J.  Davy  it  is 
composed  of  60*48  parts  of  chlorine  and  99*62  of  arsenic,  a 
proportion  which  does  not  correspond  with  the  laws  of  combi- 
nation, and  therefore  is  doubtless  inexact. 

The  following  process  has  been  lately  proposed  by  Dumas. 
Into  a  tubulated  retort  is  introduced  a  mixture  of  arsenious 
acid  with  ten  times  its  weight  of  concentrated  sulphuric  add ; 
and  after  raising  iu  temperature  to  near  212^,  fragments 
of  sea-salt  are  thrown  in  by  the  tubular.     If  the  salt  is  added 
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in  successive  smaU  portions,  scHrcely  any  muriatic  acid  gas  is 
evolved,  and  the  pure  chloride  may  be  collected  in  cooled 
vessels.  Towards  the  end  of  the  process  a  little  water  fre- 
quently passes  over  with  the  chloride ;  but  this  hydraled 
portion  does  not  mix  with  the  anhydrous  chloride,  but  swims 
oD  its  surface.  The  hydrate  may  be  decomposed,  and  a  pure 
chloride  obtained,  by  distilling  the  mixture  from  a  sufficient 
quantity  of  concentrated  sulphuric  acid.  Dumas  considers 
this  compound  a  protochloride  of  arsenic,  so  that  it  is  pro> 
bably  different  from  that  obtained  by  means  of  corrosive  sub- 
limate.    (Quarterly  Journal  of  Science,  N.  S.  i.  235.) 

Iodide  ofAnenic  is  formed  by  bringing  its  elements  into 
contact,  and  promoting  union  by  gentle  heat.  They  form  a 
deep-red  compound,  which  is  resolved  into  arsenic  and  hydri- 
odic  acids  by  the  action  of  water.  (Plisson  in  An.  de  Cb.  et 
Ph.  xxxix.  266.) 

Bromide  o/Arteiiic. — The  elements  of  this  compound  unite 
at  the  moment  of  contact,  with  vivid  evolution  of  heat  and 
light.  SeruIIas  prepared  it  by  adding  dry  arsenic  to  bromine 
as  long  as  light  was  emitted,  the  former  being  added  in  suc- 
cessive small  quantities,  to  prevent  the  temperature  frtHQ 
ridng  too  high.  The  bromide  is  then  distilled,  and  collected 
in  a  cool  receiver.     (An.  de  Ch.  et  Ph.  xxxviii.  318.) 

This  compound  is  solid  at  or  below  68°  P.,  liquefies  be- 
tween 68°  and  77°,  and  boils  at  428°.    As  a  liquid  it  is  trans- 
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extinguishes  bodies  in  combustion,  but  is  itself  kindled  by 
them,  and  bums  with  a  blue  flame.  It  instantly  destroys 
small  animals  that  are  immersed  in  it,  and  is  poisonous  to 
man  in  a  high  degree,  having  proved  fatal  to  a  German  phi- 
losopher, the  late  M.  Gehlen.  Water  absorbs  one^fifth  of 
its  volume,  and  acquires  the  odour  of  the  gas.  It  wants 
altogether  the  properties  of  an  acid. 

Arseniuretted  hydrogen  is  decomposed  by  various  agents. 
It  suffers  gradual  decomposition  when  mixed  with  atmo- 
spheric air,  water  being  formed,  and  metallic  arsenic,  together 
with  a  little  oxide,  deposited.  With  nitric  add,  w^ter  is 
generated,  and  a  deposite  of  metal  takes  place,  which  is  sub- 
sequently oxidized.  Chlorine  decomposes  it  instantly  with 
disengagement  of  heat  and  light,  muriatic  acid  being  gene- 
rated, and  the  metal  set  free.  With  iodine  it  yields  hydri- 
odic  acid  gas  and  iodide  of  arsenic,  and  sulphur  and  phos- 
phorus produce  analogous  changes.  By  its  action  on  salts  of 
the  easily  reducible  metals,  such  as  silver  and  gold,  the  metal 
is  revived,  and  its  oxygen  uniting  with  the  elements  of  the 
gas  constitutes  arsenious  acid  and  water.  With  salts  of  cop- 
per the  products  are  water  and  arseniuret  of  copper;  and 
with  several  other  metallic  salts  its  action  is  similar. 

Soubdran  observed  that  arseniuretted  hydrogen  in  a  glass 
tube  is  completely  decomposed  by  the  heat  of  a  spirit-lamp, 
and  that  its  hydrogen  occupies  one  and  a  half  as  much  space 
as  when  in  combination.  He  has  also  confirmed  the  observa- 
tion of  Dumas  that  when  mixed  with  oxygen,  and  detonated 
by  the  electric  spark,  each  volume  of  the  gas,  in  forming 
water  and  arsenious  acid,  requires  one  and  a  half  its  volume 
of  oxygen  gas.  The  oxygen,  therefore,  is  equally  divided 
between  the  arsenic  and  hydrogen ;  and  arseuiuretted  hydio- 
gen  consists  of  one  equivalent  of  arsenic  and  one  and  a  half 
of  hydrogen.  By  volume,  it  is  composed  of  half  a  volume  of 
the  vapour  of  arsenic,  and  one  and  a  half  of  hydrogen,  con- 
densed into  one  measure.     (An.  de  Ch.  et  Ph.  xliii.  407.) 

A  solid  compound  of  arsenic  and  hydrogen,  of  a  brown 
colour,  was  discovered  by  Sir  H.  Davy  and  Oay-Lussac  and 
Tbenard.  The  former  prepared  it  by  attaching  a  piece  of 
arsenic  to  the  negative  wire  during  the  decomposition  of 
water  by  galvanism ;  and  the  French  chemists,  by  the  action 
of  water  on  an  alloy  of  potassium  and  arsenic    Soubdran 


540  CHROMIUM. 

alkalies,  fuses  by  heat,  and  may  be  sublimed  in  close  vessels 
without  decomposition.  It  is  proportional,  in  composition,  to 
arsenic  acid ;  that  is,  it  consists  of  one  equivalent  of  arsenic 
and  two  equivalents  and  a  half  of  sulphur. 

The  experiments  of  Orfila  have  proved  that  the  sulphurets 
of  arsenic  are  poisonous,  though  in  a  much  less  degree  than 
arsenious  acid.  The  precipitated  sulphuret  is  more  injurious 
than  native  orpiment. 

SECTION  XVII. 

CHROMIUM — VANADIUM. 
CHROMIUM. 

Chromium*  was  discovered  in  the  year  1797  by  Vauque- 
lin  in  a  beautiful  red  mineral,  the  native  di-chromate  of  lead. 
(An.  de  Ch.  xxv.  and  Ixx.)  It  has  since  been  detected  in  the 
mineral  called  chromate  ofirouj  a  compound  of  the  oxides  of 
chromium  and  iron,  which  occurs  abundantly  in  several  parts 
of  the  continent,  in  America,  and  at  Unst  in  Shetland. 
(Hibbert.) 

Metallic  chromium  may  be  obtained  by  exposing  its  oxide 
mixed  with  charcoal  to  the  most  intense  heat  of  a  smithes 
forge ;  but  owing  to  its  strong  affinity  for  oxygen,  the  re- 
duction is  extremely  difficult.  A  better  process,  that  of 
Vauquelin,  is  to  mix  the  dry  muriate  into  a  paste  with  oil, 
place  the  mass  in  a  crucible  lined  with  charcoal,  lute  on 
a  cover,  and  to  expose  it  for  an  hour  to  a  very  strong  heat. 
As  thus  obtained  chromium  has  a  white  colour  with  a 
shade  of  yellow,  and  a  distinct  metallic  lustre.  It  is  a 
brittle  metal,  very  infusible,  and  with  difficulty  attacked 
by  acids,  even  by  the  nitro-muriatic.  Its  specific  gra- 
vity has  been  stated  at  5*9;  but  Dr.  Thomson  found  it  a 
little  above  5.  When  fused  with  nitre  it  is  oxidized,  and 
converted  into  chromic  acid.  Liebig  has  obtained  the  metal 
in  the  form  of  a  black  powder,  which  acquires  the  metallic 
aspect  from  pressure,  by  heating  the  compound  of  terchloride 
of  chromium  and  ammonia  to  redness,  and  transmitting  over 
it  dry  ammoniacal  gas :  the  chlorine  unites  with  the  hydro- 
gen of  the  ammonia,  muriatic  acid  and  nitrogen  gases  are 
evolved,  and  pulverulent  chromium  remains.     A  still  more 

*  x^/MK,  colour,  from  its  remarkable  tendency  to  form  coloured  compounds. 
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chromic  acid  disappears  entirdy,  and  the  liquid  acquires  a 
pure  green  colour.  On  pouring  an  excess  of  pure  ammonia 
into  this  solution,  a  pale  green  bulky  hydrate  subsides,  which 
consists  of  one  equivalent  of  the  oxide  and  26  equivalents  of 
water.  (Thomson.)  The  ojdde,  in  this  state,  i»  readily  dis^ 
solved  by  adds.  On  expelling  the  water  by  heat,  the  sud- 
den approximation  of  the  particles,  which  abruptly  occurs  at 
a  certain  temperature,  causes  such  intense  evolution  of  heat 
that  the  whole  mass  becomes  vividly  incandescent. 

The  anhydrous  oxide  is  formed  when  bichromate  of  potash 
is  briskly  boiled  with  sugar  and  a  little  muriatic  add.  At 
first  a  brown  matter  falls,  consisting  of  the  acid  and  oxide  of 
chromium ;  but  subsequently  the  green  oxide  appears  in  the 
form  of  a  finely  divided  powder.  If  the  bichromate  and  sugar 
are  employed  without  muriatic  acid,  the  brown  matter  is  the 
only  solid  product,  and  on  boiling  this  compound  with  a  little 
carbonate  of  potash,  a  greenish-blue  carbonate  of  chromium, 
of  a  very  fine  colour,  is  obtained.  For  this  mode  of  prepara- 
tion I  am  indebted  to  my  late  pupil,  Mr.  Thomas  Thomson, 
of  Clitheroe,  near  Manchester. 

Chromic  Acid. — This  acid  is  best  prepared  by  transmitting 
the  gaseous  fluoride  of  chromium  into  water  contained  in  a  ves- 
sel of  silver  or  platinum,  when  by  mutual  decomposition  of 
the  gas  and  the  water,  hydrofluoric  and  chromic  acids  are  ge- 
nerated :  the  former  is  then  expelled  by  evaporating  the  solu- 
tion to  dryness,  and  the  latter  in  a  pure  state  remains.  If  the 
gas  is  conducted  into  a  silver  vessel  which  is  only  moistened 
with  water,  and  the  aperture  of  which  is  closed  by  a  piece  of 
moist  paper,  the  chromic  acid  is  obtained  in  the  form  of  acicu- 
lar  crystals  of  a  cinnabar  red  colour,  which  are  so  voluminous 
and  abundant  as  to  fill  the  interior  of  the  vessel.  Another 
method  of  preparing  chromic  acid  has  been  suggested  by 
M.  Arnold  Maus,  which  consists  in  decomposing  a  hot  concen- 
trated solution  of  bichromate  of  potash  by  silicated  hydro- 
fluoric add.  The  chromic  add,  after  being  separated  from 
the  sparingly  soluble  hydrofluate  of  silica  and  potash,  is  eva- 
porated to  dryness  in  a  platinum  capsule,  and  then  redissolved 
in  the  smallest  possible  quantity  of  water.  By  this  means  the 
last  portions  of  the  double  salt  are  rendered  insoluble,  and 
the  pure  chromic  add  may  be  separated  by  decantation.  The 
add  must  not  be  filtered  in  this  concmtrated  state,  as  it  then 
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coloured  salts  with  alkaline  bases.  The  most  important  of 
these  salts  is  chromate  of  lead,  which  is  found  native  in 
small  quantity,  and  is  easily  prepared  by  mixing  chromate 
of  potash  with  a  soluble  salt  of  lead.  It  is  of  a  rich  yellow 
colour,  and  is  employed  in  the  arts  of  painting  and  dyeing  to 
great  extent. 

When  sulphurous  acid  gas  is  transmitted  into  a  solution 
of  chromate  or  bichromate  of  potash,  a  brown  precipitate 
subsides,  which  was  long  regarded  as  a  distinct  oxide  of 
chromium  ;  but  Dr.  Thomson  has  proved  that  it  is  the  green 
oxide  combined  with  a  little  chromic  acid.  The  acid  may  in 
a  great  measure  be  washed  away  by  means  of  water,  and  by 
ammonia  it  is  entirely  removed  ;  but  the  best  mode  of  sepa- 
rating  it,  is  to  dissolve  the  brown  matter  with  muriatic  acid, 
and  then  precipitate  the  green  oxide  by  ammonia.  The 
brown  compound  may  be  formed  by  boOing  a  solution  of 
bichromate  of  potash  with  alcohol;  and  it  is  also  rapidly 
generated,  when  bichromate  of  potash  is  gently  boiled  with 
sugar  and  a  very  little  muriatic  add. 

Fluoride  of  Chromium. — When  a  mixture  of  3  parts  of 
fluor-spar  and  4  of  chromate  of  lead  is  distilled  with  5  parts 
of  fuming  or  even  common  sulphuric  acid  in  a  leaden  or 
silver  retort,  a  red-coloured  gas  is  disengaged,  which  acts 
rapidly  upon  glass,  with  deposition  of  chromic  acid  and  for- 
mation of  fluo-silicic  acid  gas.  It  is  decomposed  by  water, 
and  the  solution  is  found  to  contain  a  mixture  of  hydrofluoric 
and  chromic  acids.  The  watery  vapour  of  the  atmosphere 
e£Pects  its  decomposition,  so  that  when  mixed  with  air,  red 
fumes  appear,  owing  to  the  separation  of  minute  crystals  of 
chromic  acid.  From  the  products  of  its  decomposition  in 
water  it  is  manifestly  composed  of  3  equivalents  of  fluorine 
and  1  equivalent  of  chromium,  so  that  its  formula  is  3  F+Cr. 
This  will  appear  by  inspecting  the  following  formula : — 

1  eq.  Fluo.  of  Chromium  ;  3  eq.  water ;  |  1  ^«  Chromic  acid ;  3  eq.  Hydroflno.  acid 
CrH.3F;      3 H, or 8 (H-|-0)  |    Cr.orCr+SOj  3(H-f-F.) 

The  red  colour  of  fluoride  of  chromium  naturally  excites 
the  suspicion  that  the  gas  itself  may  consist,  not  of  fluoride 
of  chromium,  but  of  hydrofluoric  and  chromic  acids;  and  its 
production  by  means  of  hydrous  sulphuric  acid  is  consistent 
with  this  idea.  But  since  the  gas  may  also  be  formed  from 
fluor-spar,  chromate  of  lead,  and  anhydrous  sulphuric  acid. 
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it  is  clear  that  this  view  is  inadmissible.  The  changes  which 
accompany  the  formation  of  the  gas  will  be  apparent  on  com- 
paring the  formulae  of  the  ingredients  used  and  of  the  pro- 
ducts obtained.     Thus, 

1  eq.  Chromale  of  Irad ;  4  eq.  Real  Sulphu.  ac.        3  eq-  Fluor-i) 'kt 

1  eq.  Pb+Ori  w  (Pb+O)+(Cr+30)  ;  4  Si  or  4  (S+3  O)  ;         3  (C»+F). 

yield  by  mutual  reaction 

1  eq.  Flaoride  of  Chromiuia  ;     I  eq.  Sulphate  of  Letid  ;    3  eq.  Sulphate  of  Lime. 
Cr-)-3Fi  Pb+'S;  3  (Ca +  8). 

This  gas  was  discovered  in  the  year  1825  by  M.  Unver- 
dorben.     (Ed.  Journal  of  Science,  iv.  139.) 

Ter-chloride  of  Chromium. — This  compound  is  formed  by 
the  action  of  fuming  sulphuric  acid  on  a  mixture  of  about 
equal  weights  of  chromate  of  lead  and  chloride  of  sodium ;  or 
by  fudng  bichromate  of  potash  with  twice  its  weight  of  chlo- 
ride of  sodium,  breaking  the  mass  into  coarse  fragments,  and 
decomposing  by  fuming  sulj^uric  acid  aided  by  gentle  heat. 
The  same  change  ensues  as  in  the  formation  of  the  preceding 
compound,  and  a  red  vapour  passes  over,  which  is  readily 
condensed  into  a  heavy  volatile  liquid  of  the  same  colour.  It 
yields  abundant  red  vapours  when  exposed  to  the  air,  and  is 
instantly  decomposed  by  water,  yielding  a  solution  of  muriatic 
and  chromic  acids.  It  was  discovered  by  Unverdorben  at  the 
same  time  with  the  ter-fluoride  of  chromium. 

Saqui-chhride   of  Chromium. — This    compound   is  pre- 
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400^ :  it  then  begins  to  swell  up  from  the  escape  of  water, 
the  colour  changes  fcom  green  to  the  red  of  peach-blossoms, 
and  the  sesqui-chloride  (Cr+li  CI)  remains.  Liebig  quotes 
this  change  as  a  striking  instance  of  the  conversion  of  a  muri- 
ate into  a  chloride.     (Pog.  Ann.  xxi.  360.) 

When  this  chloride  is  put  into  water,  it  is  slowly  dissolved, 
yielding  a  green  solution  possessed  of  all  the  characters  of 
the  muriate.  The  muriate  may  be  formed  abundantly  by 
digesting  chromate  of  lead  in  strong  muriatic  acid,  a  little 
alcohol  being  occasionally  added  to  promote  the  deoxidation 
of  chromic  acid.  The  resulting  muriate  of  chromium  is 
then  separated  from  the  chloride  of  lead  by  strong  alcohol, 
and  the  green  alcoholic  solution  is  evaporated  to  dryness  in 
order  to  expel  the  excess  of  muriatic  acid.  Any  trace  of  lead 
which  may  have  been  dissolved  is  easily  got  rid  of  by  sul- 
phuretted hydrogen. 

Sulphuret  of  chromium  may  be  formed  by  transmitting  the 
vapour  of  bisulphuret  of  carbon  over  oxide  of  chromium  at  a 
white  heat ;  by  heating  in  close  vessels  an  intimate  mixture 
of  sulphur  and  the  hydrated  oxide ;  by  fusing  th^  protoxide 
with  a  persulphuret  of  potassium,  and  dissolving  the  soluble 
parts  in  water;  or  by  transmitting  sulphuretted  hydrogen 
gas  aided  by  heat  over  the  sesqui-chloride  of  chromium.  It 
cannot  be  prepared  in  the  moist  way.  It  is  of  a  dark  gray 
colour,  and  acquires  metallic  lustre  by  friction  in  a  mortar. 
It  is  readily  oxidized  when  heated  in  the  open  air,  and  is 
dissolved  by  nitric  or  nitro-muriatic  acid.  It  consists  of  an 
equivalent  of  each  of  its  elements. 

Phospkuret  of  chromium. — This  compound  is  best  prepared 
by  exposing  phosphate  of  chromium  in  a  covered  crucible 
lined  with  charcoal  to  a  strong  heat.  It  is  a  porous  friable 
substance  of  a  light  gray  colour,  undergoes  little  change  in 
the  open  fire,  and  is  very  slightly  affected  even  by  nitro-mu- 
riatic acid. 

VANADIUM. 

Vanadium,  so  called  from  Vafiadis^  the  name  of  a  Scandi- 
navian Deity,  was  discovered  in  the  year  1830  by  Professor 
Sefstrom,  of  Fahlun,  in  iron  prepared  from  the  iron-ore  of 
Taberg  in  Sweden.  The  state  in  which  it  occurs  in  the  ore 
is  unknown ;  but  Sefstrom  separated  it  from  the  iron  by  dis- 
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p.ves  a  ydlow  or  white  residue  by  evaporation,  and  a  ye}low 
or  white  precipitate  with  a  salt  of  lead  or  baryta.  These 
changes  appear  to  be  of  the  same  kind  as  those  already 
noticed  in  the  description  of  phosphoric  acid. 

Vanadic  acid  unites  in  different  proportions  with  binoxide 
of  vanadium,  and  forms  compounds  which  are  soluble  in  pure 
water  but  sparingly  so  in  saline  solutions,  and  which  are 
purple,  green,  yellow,  or  orange,  according  as  the  add  is  in 
a  smaller  or  larger  proportion.  They  are  best  formed  by 
exposing  the  hydrated  binoxide  to  the  atmosphere,  when  these 
diflerent  colours  successively  appear,  as  a  gradually  increasing 
quantity  of  the  acid  is  generated. 

Vanadic  acid  is  distinguished  tram  all  other  acids  except 
the  chromic  by  its  colour,  and  from  this  add  by  the  action  of 
deoxidizing  substances,  which  give  a  blue  solution  with  the 
former  and  a  green  .with  the  latter.  (Page  643.)  When 
heated  with  borax  in  the  reducing  flame  of  the  blow-pipe, 
both  of  the  adds  yield  a  green  glass ;  but  in  the  oxidizing 
flame  the  head  becomes  yellow  if  vanadium  is  present,  while 
the  green  colour  produced  by  chromium  is  permanent. 

ChUtridei. — The  bichloride  is  prepared  by  digesting  a  mix- 
ture of  the  vanadic  and  muriatic  acids,  deoxidizing  any  un- 
decomposed  vanadic  add  by  sulphuretted  hydrogen,  and 
evaporating  the  solution  to  dryness.  A  brown  residue  is  ob- 
tained, which  yields  a  blue  solution  with  wat^  part  being 
left  as  ao  insoluble  sub-salt.  It  may  also  be  generated  by 
actinir  directlv  on  the  limited  binoxide  with  stronff  muriatic 
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niac.  The  vanadic  add  is  thus  separated  from  arsenic,  phoa- 
phoric,  and  muriatic  acids,  with  which  in  the  ore  of  Waiu 
lockhead  it  is  generally  associated. 

The  attempts  of  Berzelius  to  reduce  vanadic  acid  to  the 
metallic  state  by  the  agency  of  hydrogen  or  charcoal  at  high 
temperatures  proved  unsuccessful,  as  the  protoxide  alone  was 
obtained.  He  procured  the  melal,  however,  in  the  form  of  a 
heavy  black  powder,  by  placing  fragments  of  fused  vanadic 
acid  and  potassium  of  equal  size  in  alternate  layers  in  a 
porcelain  crucible,  the  potassium  being  in  the  largest  proper- 
tion  :  a  cover  was  then  luted  on,  and  heat  applied  by  raeaos 
of  a  spirit-lamp.  The  reduction  took  place  suddenly  and 
with  violence ;  and  when  the  mass  had  cooled,  the  potash  and 
redundant  potassium  were  separated  by  water.  But  Berze- 
lius succeeded  better  by  a  process  similar  to  that  of  H.  Rose 
for  procuring  metallic  titanium.  The  liquid  chloride  of  va- 
nadium is  introduced  into  a  glass  bulb  blown  in  a  barometer 
tube,  and  through  it  is  transmitted  dry  ammoniacal  gas  until 
a  white  saline  mass  is  produced,  during  the  formation  of 
which  the  gas  is  rapidly  absorbed,  and  heat  disengaged.  A 
spirit-lamp  flame  is  then  applied,  which  expels  a  quantity  of 
muriate  of  ammonia,  and  metallic  vanadium  is  left  adhering 
to  the  interior  of  the  bulb.  The  production  of  muriatic  acid 
is  obviously  owing  to  chlorine  leaving  the  vanadium  and 
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only  be  got  rid  of  in  this  way,  is  converted  into  the  gaseous 
fluoride  of  silicium,  the  sulphuric  acid  expelled,  and  the  ox- 
ide reconverted  into  the  acid  of  vanadium. 

The  vanadic  acid  still  contains  phosphoric  acid,  alumina, 
and  zirconia.  For  its  further  purification  it  is  fused  with 
nitre  added  in  successive  small  portions,  until,  on  cooling  a 
small  quantity,  the  red  tint  is  found  to  have  disappeared. 
In  this  process  the  acid  of  the  nitre  is  displaced  by  the  phos- 
phoric and  vanadic  acids,  the  object  being  to  cause  those 
acids  to  unite  with  potash  without  employing  an  excess  of 
nitre.  The  vanadiate  and  phosphate  of  potash  are  then  taken 
up  by  as  small  a  quantity  of  water  as  will  suffice,  and  into 
the  filtered  liquid  a  piece  of  sal-ammoniac,  larger  than  can 
be  dissolved  by  it,  is  introduced :  as  it  dissolves,  vanadiate  of 
ammonia,  insoluble  in  a  saturated  solution  of  sal-ammoniac, 
subsides  as  a  white  powder,  leaving  the  phosphoric  acid  in 
the  liquid.  The  vanadiate  of  ammonia  should  be  first  wash- 
ed with  a  solution  of  sal-ammoniac,  and  then  with  alcohol  of 
specific  gravity  0*86. 

By  heating  this  salt  in  an  open  platinum  crucible,  vanadic 
acid  is  obtained  ;  but  the  temperature  ought  to  be  kept  be- 
low that  of  redness,  and  the  mass  be  well  stirred  until  it 
acquires  a  dark  red  colour.  Heated  in  close  vessels  the  van- 
adiate of  ammonia  is  converted  principally  into  the  salifiable 
oxide;  though  some  of  the  protoxide  and  acid  are  mixed 
with  it.  With  the  zirconia  and  alumina,  left  by  the  water 
after  fusion  with  nitre,  some  vanadium  remains :  it  may  be 
extracted  by  fusion  with  sulphur  and  carbonate  of  potash, 
when  a  double  sulphuret  of  vanadium  and  potassium  is  gene- 
rated, which  is  soluble  in  water.  On  adding  sulphuric  acid 
to  the  solution,  sulphuret  of  vanadium  is  precipitated. 

The  preparation  of  vanadium  from  the  native  vanadiate  of 
lead  is  much  less  complicated  than  the  process  above  de- 
scribed. It  suffices  to  dissolve  the  ore,  as  Mr.  Johnston 
advises,  in  nitric  acid,  and  to  precipitate  the  lead  by  sulphu- 
retted hydrogen,  which  also  throws  down  any  arsenic  that 
may  be  present.  As  vanadic  acid  is  deoxidized  by  sulphu- 
retted hydrogen,  a  blue  solution  is  formed ;  but  by  evapo- 
rating to  dryness  the  acid  is  reproduced.  The  residue  is 
then  dissolved  by  a  solution  of  ammonia,  and  the  vanadiate 
of  ammonia  precipitated  as  before  by  a  piece  of  sal-ammo- 
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boiling  temperature.  Heated  in  nitric  acid  oxidation  ensues 
witb  escape  of  nitric  oxide  gas,  and  a  blue  nitrate  of  the 
binoxide  of  vanadium  is  generated.  The  character  of  an 
alkaline  base  seems  wholly  wanting  in  the  protoxide,  and 
hence  BerzeliuB  considers  it  as  a  sub-oxide. 

Binoxide. — This  oxide  is  best  prepared,  in  the  dry  way, 
by  heating  to  full  redness  an  intimate  mixture  of  ten  parts  of 
the  protoxide  with  twelve  of  vanadic  acid  in  a  vessel  filled 
with  carbonic  add,  or  from  which  combustible  matter  on  the 
one  hand,  and  oxygen  gas  on  the  other,  are  carefully  ex- 
cluded. From  the  salts  of  the  binoxide,  and  especially  the 
sulphate,  it  is  precipitated  aa  a  grayish-white  hydrate  by 
means  of  a  very  slight  excess  of  carbonate  of  soda.  The  resi- 
dual solution  is  colourless  when  the  process  has  been  properly 
conducted :  but  it  remains  blue,  from  undecomposed  salt,  if 
an  insufficient  quantity  of  alkali  is  used ;  it  is  brown  when 
the  alkaline  carbonate  is  too  freely  employed,  because  some 
of  the  binoxide  is  then  dissolved  by  the  free  alkali ;  and  if 
the  solution  contained  vanadic  acid,  its  colour  after  this  pre-  ' 
dpitation  is  green.  The  presence  of  the  latter  is  avoided  by 
transmitting  sulphuretted  hydrogen  into  the  solution,  whereby 
vanadic  acid  is  effectually  converted  into  the  binoxide,  but 
the  redundant  gas  should  be  expelled  by  gentle  heat  before 
the  oxide  is  precipitated.  As  the  hydrate,  while  moist, 
readily  absorbs  oxygen  and  hence  acquires  a  tint  of  brown, 
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also  obtained  by  heating  the  brown  oxide  to  redness  in  open 
vessek. 

Tungstic  acid  is  of  a  yellow  colour,  is  insoluble  in  water, 
and  has  no  action  on  litmus  paper.  With  alkaline  bases  it 
forms  salts  called  tungsiates^  which  are  decomposed  by  the 
stronger  acids,  the  tungstic  acid  in  general  falling  combined 
with  the  acid  by  which  it  is  precipitated.  When  strongly 
heated  in  open  vessels  it  acquires  a  green  colour,  and  becomes 
blue  when  exposed  to  the  action  of  hydrogen  gas  at  a  tempe- 
rature of  500^  or  600^  F.  The  blue  compound,  according  to 
Berzelius,  is  a  tungstate  of  the  oxide  of  tungsten ;  and  the 
green  colour  is  probably  produced  by  an  admixture  of  this 
compound  with  the  yellow  acid. 

The  oxide  of  tungsten  is  formed  by  the  action  of  hydrogen 
gas  on  tungstic  acid  at  a  low  red  heat ;  but  the  best  mode  of 
procuring  it  both  pure  and  in  quantity,  is  that  recommended 
by  Wohler.     (Quarterly  Journal  of  Science,  xx.  177.)    This 
process  consists  in   mixing  Wolfram  in  fine  powder  with 
twice  its  weight  of  carbonate  of  potash,  and  fusing  the  mix- 
ture in  a  platinum   crucible.     The  resulting  tungstate  of 
potash  is  dissolved  in  hot  water,  mixed  with  about  half  its 
weight  of  muriate  of  ammonia  in  solution,  evaporated  to  dry- 
ness, and  exposed  in  a  hessian  crucible  to  a  red  heat.     The 
mass  is  well  washed  with  boiling  water,  and  the  insoluble 
matter  digested  in  dilute  potash  to  remove  any  tungstic  acid. 
The  residue  is  oxide  of  tungsten.     It  appears  that  in  this 
process  the  tungstate  of  potash  and  muriate  of  ammonia 
mutually  decompose  each  other,  so  that  the  dry  mass  con- 
sists of  chloride  of  potassium  and   tungstate  of  ammonia. 
The  elements  of  the  latter  react  on  each  other  at  a  red  heat, 
giving  rise  to  water,  nitrogen  gas,  and  oxide  of  tungsten ; 
and  this  compound  is  protected  from  oxidation  by  the  fused 
chloride  of  potassium  with  which  it  is  enveloped.    This  oxide 
is  also  formed  by  putting  tungstic  acid  in  contact  with  zinc 
in  dUute  muriatic  acid.     The   tungstic  acid  first  becomes 
blue  and  then  assumes  a  copper  colour;  but  the  oxide  in 
this  state  can  with  difficulty  be  preserved,  as  by  exposure  to 
the  air,   and  even  under  the  surface  of  water,  it  absorbs 
oxygen,  and  is  reconverted  into  tungstic  acid. 

Oxide  of  tungsten,  when  prepared  by  means  of  hydrc^n 
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by  a  very  strong  heat,  provided  combustible  matters  are  ex- 
cluded. It  fuses  at  a  heat  lower  than  that  of  redness,  and 
crystallizes  readily  as  it  cools.  In  the  act  of  becoming  solid 
it  contracts  coasiderably  in  volume,  and  emits  so  much  calo- 
ric of  fluidity  that  the  acid,  after  ceasing  to  be  luminous,  is 
again  rendered  incandescent,  and  remains  so  until  the  conge- 
lation is  complete. 

Vanadic  add  is  tasteless,  insoluble  in  alcohol,  and  very 
slightly  soluble  in  water,  which  lakes  up  rather  less  than 
1-1 000th  of  its  weight,  acquiring  a  yellow  colour  and  an  acid 
reaction.  Heated  with  combustible  matter  it  is  deoxidized, 
being  converted  into  the  protoxide  or  binoxide,  or  mixtures 
of  these  oxides.  In  solutions  it  is  deprived  of  oxygen  by  all 
deoxidizing  agents,  such  as  alcohol,  sugar,  and  most  organic 
substances,  including  the  oxalic  and  several  vegetable  acids, 
by  sulphuretted  hydrogen  and  most  of  the  other  hydracids, 
not  excepting  the  muriatic,  by  sulphurous  and  phosphorous 
acids,  and  even  by  nitrous  acid.  Like  molybdic  and  tungstic 
acid  it  is  disposed  to  act  as  a  base  to  such  of  the  stronger 
acids  as  do  not  decompose  it,  and  to  form  with  them  definite 
compounds,  which  are  soluble  in  water.  It  unites  on  this 
principle  with  sulphuric  and  phosphoric  acid ;  and  Berzelius 
has  remarked  a  compound  of  the  phosphoric,  silicic,  and 
vanadic  acids,  a  sort  of  double  salt,  in  which  the  latter  acid 
is  a  base  to  the  two  former,  and  which  crystallizes  in  scales : 
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COLUMBIUM. 

This  metal  was  discovered  in  1801  by  Mr.  Hatchet t,  who 
detected  it  in  a  black  mineral  belonging  to  the  British  Mu- 
seum, supposed  to  have  come  from  Massachusets  in  North 
America ;  and  from  this  circumstance,  applied  to  it  the  name 
of  columbium.  About  two  years  after,  M.  £keberg,  a 
Swedish  chemist,  extracted  the  same  substance  from  tantalite 
and  yttro-tantalite  ;  and,  on  the  supposition  of  its  being  dif- 
ferent from  columbium,  described  it  under  the  name  of  tan- 
talum. The  identity  of  these  metals,  however,  was  establish- 
ed in  the  year  1809  by  Dr.  Wollaston. 

Ck)lumbic  acid  is  with  difficulty  reduced  to  the  metallic 
state  by  the  action  of  heat  and  charcoal ;  but  Berzelius  suc- 
ceeded in  obtaining  this  metal  by  the  same  process  which  he 
employed  in  the  preparation  of  zirconium  and  silicium,  name- 
ly, by  heating  potassium  with  the  double  fluoride  of  potas- 
sium and  columbium.  (Lehrbuch  der  Chemie^  ii.  120.)  On 
washing  the  reduced  mass  with  hot  W^ater,  in  order  to  remove 
the  fluoride  of  potassium,  columbium  is  left  in  the  form  of  a 
black  powder.  In  this  state  it  does  not  conduct  electricity ; 
but  in  a  denser  state  it  is  a  perfect  conductor.  By  pressure 
it  acquires  metallic  lustre,  and  has  an  iron-gray  colour.  It 
is  not  fusible  at  the  temperature  at  which  glass  is  fused. 
When  heated  in  the  open  air  it  takes  fire  considerably  below 
the  temperature  of  ignition,  and  glows  with  a  vivid  light, 
yielding  columbic  acid.  It  is  scarcely  at  aU  acted  on  by  the 
sulphuric,  muriatic,  or  nitro-muriatic  add ;  whereas  it  is  dis- 
solved with  heat  and  disengagement  of  hydrogen  gas  by 
hydrofluoric  acid,  and  still  more  easily  by  a  mixture  of  nitric 
and  hydrofluoric  acids.  It  is  also  converted  into  columbic  add 
by  fusion  with  hydrate  of  potash,  the  hydrogen  gas  of  the 
water  being  evolved. 

Columbium  unites  with  oxygen  in  two  proportions,  giving 
rise  to  an  oxide  and  an  acid.  The  oxygen  in  these  com- 
pounds is  in  the  ratio  of  2  to  3,  and  the  experiments  of  Ber- 
zelius lead  to  the  inference  that  the  oxide  is  formed  of  186 
parts  or  one  equivalent  of  columbium,  united  with  16  parts 
or  two  equivalents  of  oxygen ;  and  the  add  of  one  equivalent 
of  the  metal  and  three  of  oxygen.     But  the  combining  pn>- 
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Its  texture  is  not  in  the  least  crystalline.  By  contact  with 
water,  it  is  converted,  with  a  hissing  noise  and  increase  of 
ten^perature,  into  columbic  and  muriatic  acids. 

Sulphuret  of  Columbium. — This  compound,  first  prepared 
by  Rose,  is  generated,  with  the  phenomena  of  combustion, 
when  columbium  is  heated  to  commencing  redness  in  the 
vapour  of  sulphur ;  or  by  transmitting  the  vapour  of  bisul- 
phuret  of  carbon  over  columbic  add  in  a  porcelain  tube  at  a 
white  heat,  carbonic  oxide  being  also  evolved. 

Berzelius  has  also  described  a  compound  of  columbium  and 
fluorine.  The  other  compounds  of  columbium  have  been 
scarcely  or  not  at  all  examined. 

SECTION  XIX. 

ANTIMONY. 

Antimony  sometimes  occurs  native ;  but  its  only  ore  which 
is  abundant,  and  from  which  the  antimony  of  commerce  is 
derived,  is  the  sulphuret.  This  sulphuret  was  long  regarded 
as  the  metal  itself,  and  was  called  antimony^  or  crude  anii- 
many ;  while  the  pure  metal  was  termed  the  regulus  of  o/t- 
timony. 

Metallic  antimony  may  be  obtained  either  by  heating  the 
native  sulphuret  in  a  covered  crucible  with  half  its  weight  of 
iron  filings ;  or  by  mixing  it  with  two-thirds  of  its  weight  of 
cream  of  tartar  and  one-third  of  nitre,  and  throwing  the  mix- 
ture, in  small  successive  portions,  into  a  red-hot  crucible.  By 
the  first  process  the  sulphur  unites  with  iron,  and  in  the  se- 
cond it  is  expelled  in  the  form  of  sulphurous  acid ;  while  the 
fused  antimony,  which  in  both  cases  collects  at  the  bottom  of 
the  crucible,  may  be  drawn  off  and  received  in  moulds.  The 
antimony,  thus  obtained,  is  not  absolutely  pure ;  and  there- 
fore, for  chemical  purposes,  should  be  procured  by  heating 
the  oxide  with  an  equal  weight  of  cream  of  tartar. 

Antimony  is  a  brittle  metal,  of  a  white  colour  running  into 
bluish-gray,  and  is  possessed  of  considerable  lustre.  Its 
density  is  about  6*7.  At  810°  F.  it  fuses ;  and  when  slowly 
cooled,  sometimes  crystallizes  in  octohedral  or  dodecahedral 
crystals.  Its  structure  is  highly  lamellated.  It  has  the  cha* 
racter  of  being  a  volatile  metal ;  but  Thenard  found  that  it 
bears  an   intense  white  heat  without  subliming,   provided 


TUNGSTEN.  557 

A  ruby-red  colour,  transparent,  and  crystallized.  It  is  pro- 
portional to  the  molybdic  acid  ;  that  is,  contains  three  equi- 
valents of  sulphur  to  one  equivalent  of  the  metal. 

TUNGSTEN. 
Tungsten  may  be  procured  in  the  metallic  state  by  ex- 
posing tungstic  acid  to  the  action  of  charcoal  or  dry  hydrogen 
gas  at  a  red  heat ;  but  though  the  reduction  is  easily  effected, 
en  exceedingly  intense  temperature  is  required  for  fusing  the 
metal.  Tungsten  has  a  grayish-white  colour,  and  consider- 
able lustre.  It  is  brittle,  nearly  as  hard  as  steel,  and  less 
fusible  than  manganese.  Its  specific  gravity  is  near  17*4. 
When  heated  to  redness  in  the  open  air  it  takes  fire,  and  is 
converted  into  tungstic  acid ;  and  it  undergoes  the  some 
change  by  the  action  of  nitric  acid.  Digested  with  a  concen- 
trated solution  of  pure  potash,  it  is  dissolved  with  disengage- 
ment of  hydrogen  gas,  and  tungstate  of  potash  is  generated. 

Chemists  are  acquainted  with  two  compounds  of  this  metal 
and  oxygen,  namely,  the  dark  brown  aside,  and  the  yellow 
acid  of  tungsten  ;  and  according  to  the  analyses  of  Berzelius, 
(An.  de  Ch.  et  de  Ph.  xvii.)  the  oxygen  of  the  former  is  to 
that  of  the  latter  in  the  ratio  of  two  to  three.  It  is  hence  in- 
ferred, that  the  real  protoxide  of  tungsten  is  as  yet  unknown, 
and  that  tungstic  acid  contains  three  atoms  of  oxygen  to  one 
atom  of  the  metal.    Now,  by  reducing  this  acid  to  the  metallic 
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white  heavy  powder.  From  this  add  metallic  molybdenum 
may  be  obtained  by  exposing  it  with  charcoal  to  the  strongest 
heat  of  a  smith''s  forge ;  or  by  conducting  over  it  a  current 
of  hydrogen  gas  while  strongly  heated  in  a  tube  of  porce- 
lain. (Berzelius.)  The  sulphuret,  which  was  long  mistaken 
for  graphite,  was  distinguished  in  the  year  1T78  by  Scheele ; 
but  the  metal  was  first  obtained  in  a  separate  state  by  Hjelm. 
It  likewise  occurs  in  nature  in  the  form  of  molybdate  of  lead. 

Molybdenum  is  a  brittle  metal,  of  a  white  colour,  and  so 
very  infusible,  that  hitherto  it  has  only  been  obtained  in  a 
state  of  semi-fusion.  In  this  form  it  has  a  specific  gravity 
varying  between  8*615  to  8*636.  When  heated  in  open  ves- 
sels it  absorbs  oxygen,  and  is  converted  into  molybdic  acid; 
and  the  same  compound  is  generated  by  the  action  of  chlorine 
or  nitro-muriatic  acid.  It  has  three  degrees  of  oxidation, 
forming  two  oxides  and  one  acid.  The  equivalent  of  molyb- 
dic acid,  according  to  Berzelius,  is  71*7;  and  consequently, 
on  the  supposition  that  this  acid  contains  three  atoms  of 
oxygen,  as  its  two  other  degrees  of  oxidation  indicate,  47*7 
will  be  the  equivalent  of  the  metal.  The  formula  for  the 
acid  is,  therefore.  Mo. 

Molybdic  acid  is  a  white  powder,  of  specific  gravity  3*4. 
It  has  a  sharp  metallic  taste,  reddens  litmus  paper,  and  forms 
salts  with  alkaline  bases.  It  is  very  sparingly  soluble  in 
water ;  but  the  molybdates  of  potash,  soda,  and  ammonia, 
.dissolve  in  that  fluid,  and  the  molybdic  acid  is  precipitated 
from  the  solutions  by  any  of  the  strong  acids. 

Berzelius  has  described  the  two  oxides  of  molybdenum. 
(Ed.  Journal  of  Science,  iv.  133.)  The  protoxide  is  black, 
and  consists  of  one  equivalent  of  oxygen  and  one  equivalent 
of  molybdenum.  The  binoxide  is  brown,  and  contains  twice 
as  much  oxygen  as  the  protoxide.  They  both  form  salts 
with  acids.  Berzelius  states  that  the  blue  molybdous  acid  of 
Bucholz  is  a  bimolybdate  of  the  binoxide  of  molybdenum. 

Berzelius  has  likewise  succeeded  in  forming  three  chlorides 
of  molybdenum,  the  composition  of  which  is  analogous  to  the 
compounds  of  this  metal  with  oxygen. 

The  native  sulphuret  of  molybdenum,  according  to  the 
analysis  of  Bucholz,  is  composed  of  47*7  parts  or  one  equiva- 
lent of  molybdenum,  and  3Q  parts  or  two  equivalents  of  sul- 
phur.    Berzelius  has  lately  discovered  another  sulphuret,  of 
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gas,  has  a  brown  colour,  and  when  polished  acquires  the 
colour  of  copper ;  but  when  procured  by  Wohler's  proce«s, 
it  is  nearly  black.  It  does  not  unite,  so  far  as  is  known, 
with  acids ;  and  when  heated  to  near  redness,  it  takes  fire 
and  yields  tungstic  acid. 

Cklorides  of  Tungiten. — According  to  Wohler  tungsten 
and  chlorine  unite  in  three  proportions.  The  perchloride  b 
generated  by  beating  the  oxide  of  tungsten  in  chlorine  gas. 
The  action  is  attended  with  the  appearance  of  combustion^ 
dense  fumes  arise,  and  a  thick  sublimate  is  obtained  in  the 
form  of  white  scales,  like  native  boracic  acid.  It  is  volatile  at 
a  low  temperature  without  previous  fusion.  It  is  converted 
by  the  action  of  water  into  tungstic  and  muriatic  acids,  and 
must  therefore,  in  composition,  he  proportional  to  tungstic 
add,  containing  three  equivalents  of  chlorine  to  one  of 
tungsten. 

When  metallic  tungsten  is  heated  in  chlorine  gas,  it  takes 
fire,  and  yields  the  bichloride.  The  compound  appears  in 
the  form  of  delicate  fine  needles,  of  a  deep  red  colour  re- 
strmbling  wool,  but  more  frequently  as  a  deep-red  fused  mass 
which  has  the  brilliant  fracture  of  cinnabar.  When  heated, 
it  fuses,  boils,  and  yields  a  red  vapour.  By  water  it  is 
changed  into  muriatic  acid  and  oxide  of  tungsten.  It  is  en- 
tirely dissolved  by  solution  of  pure  potash,  with  disengage- 
ment of  hydrogen  gas,  yielding  muriate  and   tungslate  of 
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also  obtained  by  heating  the  brown  oxide  to  redness  in  open 
vessels. 

Tungstic  acid  is  of  a  yellow  colour,  is  insoluble  in  water, 
and  has  no  action  on  litmus  paper.  With  alkaline  bases  it 
forms  salts  called  tungsiates^  which  are  decomposed  by  the 
stronger  acids,  the  tungstic  acid  in  general  falling  combined 
with  the  acid  by  which  it  is  precipitated.  When  strongly 
heated  in  open  vessels  it  acquires  a  green  colour,  and  becomes 
blue  when  exposed  to  the  action  of  hydrogen  gas  at  a  tempe- 
rature of  500°  or  600°  F.  The  blue  compound,  according  to 
Berzelius,  is  a  tungstate  of  the  oxide  of  tungsten ;  and  the 
green  colour  is  probably  produced  by  an  admixture  of  this 
compound  with  the  yellow  acid. 

The  oxide  of  tungsten  is  formed  by  the  action  of  hydrogen 
gas  on  tungstic  acid  at  a  low  red  heat ;  but  the  best  mode  of 
procuring  it  both  pure  and  in  quantity,  is  that  recommended 
by  Wbhler.     (Quarterly  Journal  of  Science,  xx.  177.)    This 
process  consists  in   mixing  Wolfram   in  fine  powder  with 
twice  its  weight  of  carbonate  of  potash,  and  fusing  the  mix- 
ture in  a  platinum   crucible.     The  resulting  tungstate  of 
potash  is  dissolved  in  hot  water,  mixed  with  about  half  its 
weight  of  muriate  of  ammonia  in  solution,  evaporated  to  dry- 
ness, and  exposed  in  a  hessian  crucible  to  a  red  heat.     The 
mass  is  well  washed  with  boiling  water,  and  the  insoluble 
matter  digested  in  dilute  potash  to  remove  any  tungstic  acid. 
The  residue  is  oxide  of  tungsten.     It  appears  that  in  this 
process  the  tungstate  of  potash  and  muriate  of  ammonia 
mutually  decompose  each  other,  so  that  the  dry  mass  con- 
sists of  chloride  of  potassium  and   tungstate  of  ammonia. 
The  elements  of  the  latter  react  on  each  other  at  a  red  heat, 
giving  rise  to  water,  nitrogen  gas,  and  oxide  of  tungsten ; 
and  this  compound  is  protected  from  oxidation  by  the  fused 
chloride  of  potassium  with  which  it  is  enveloped.    This  oxide 
is  also  formed  by  putting  tungstic  acid  in  contact  with  zinc 
in  dilute  muriatic  acid.     The   tungstic  acid  first  becomes 
blue  and  then  assumes  a  copper  colour;  but  the  oxide  in 
this  state  can  with  difficulty  be  preserved,  as  by  exposure  to 
the  air,   and  even  under  the  surface  of  water,  it  absorbs 
oxygen,  and  is  reconverted  into  tungstic  acid. 

Oxide  of  tungsten,  when  prepared  by  means  of  hydrogen 
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portion  of  the  add  is  not  known  with  such  certainty  as  to  es- 
tablish the  accuracy  of  this  opinion. 

The  oxide  of  columbium  is  generated  by  placing  columbic 
acid  in  a  crucible  lined  with  charcoal,  luting  carefully  to  ex- 
clude atmospheric  air,  and  exposing  it  for  an  hour  and  a  half 
to  intense  heat.  The  acid,  where  in  direct  contact  with 
charcoal,  ia  entirely  reduced  ;  but  the  film  of  metal  is  very 
thin.  The  interior  portions  are  pure  oxide  of  a  dark  gray 
colour,  very  hard  and  coherent.  When  reduced  to  powder, 
its  colour  is  dark  brown.  It  is  not  attacked  by  any  acid, 
even  by  nitro-hydrofluoric  acid  ;  but  it  is  converted  into  co- 
lumbic acid  either  by  fusion  with  hydrate  of  potash,  or  defl&- 
gratioD  with  nitre.  When  heated  to  low  redness  it  takes  fire, 
and  glows,  yielding  a  light  gray  powder ;  but  in  this  way  it 
is  never  completely  oxidized.  Berzelius  states  that  this  oxide, 
in  union  with  protoxide  of  iron  and  a  little  protoxide  of  man- 
ganese, occurs  at  Kimito  in  Finland,  and  may  be  distin- 
guished from  the  other  ores  of  columbium  by  yielding  a 
cbesnut-brown  powder. 

Columbium  exists  in  most  of  its  ores  as  an  acid,  united 
either  with  the  oxides  of  iron  and  manganese,  as  in  tantalite, 
or  with  the  earth  yttria,  as  in  the  yttro-tantalite.  This  acid 
is  obtained  by  fusing  its  ore  with  three  or  four  times  its 
weight  of  carbtmate  of  potash,  when  a  soluble  columbate  of 
that  alkali  results,  from  which  columbic  acid  is  precipitated 
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This  metal  was  discovered  in  1801  by  Mr.  Hatchett,  who 
detected  it  in  a  black  mineral  belonging  to  the  British  Mu- 
seum, supposed  to  have  come  from  Massachusets  in  North 
America ;  and  from  this  circumstance,  applied  to  it  the  name 
of  columbium.  About  two  years  after,  M.  £keberg,  a 
Swedish  chemist,  extracted  the  same  substance  from  tantalite 
and  yttro-4antalite  ;  and,  on  the  supposition  of  its  being  dif- 
ferent from  columbium,  described  it  under  the  name  of  tan^ 
talum.  The  identity  of  these  metals,  however,  was  establish- 
ed in  the  year  1809  by  Dr.  WoUaston. 

Columbic  acid  is  with  difficulty  reduced  to  the  metallic 
state  by  the  action  of  heat  and  charcoal ;  but  Berzelius  suc- 
ceeded in  obtaining  this  metal  by  the  same  process  which  he 
employed  in  the  preparation  of  zirconium  and  silicium,  name- 
ly, by  heating  potassium  with  the  double  fluoride  of  potas- 
sium and  columbium.  (Lehrbuch  der  Chemie^  ii.  120.)  On 
washing  the  reduced  mass  with  hot  v^ater,  in  order  to  remove 
the  fluoride  of  potassium,  columbium  is  left  in  the  form  of  a 
black  powder.  In  this  state  it  does  not  conduct  electricity ; 
but  in  a  denser  state  it  is  a  perfect  conductor.  By  pressure 
it  acquires  metallic  lustre,  and  has  an  iron-gray  colour.  It 
is  not  fusible  at  the  temperature  at  which  glass  is  fused. 
When  heated  in  the  open  air  it  takes  fire  considerably  below 
the  temperature  of  ignition,  and  glows  with  a  vivid  Ught^ 
yielding  columbic  acid.  It  is  scarcely  at  all  acted  on  by  the 
sulphuric,  muriatic,  or  nitro-muriatic  add ;  whereas  it  is  dis- 
solved with  heat  and  disengagement  of  hydrogen  gas  by 
hydrofluoric  acid,  and  still  more  easily  by  a  mixture  of  nitric 
and  hydrofluoric  acids.  It  is  also  converted  into  columbic  acid 
by  fusion  with  hydrate  of  potash,  the  hydrogen  gas  of  the 
water  being  evolved. 

Columbium  unites  with  oxygen  in  two  proportions,  giving 
rise  to  an  oxide  and  an  acid.  The  oxygen  in  these  com- 
pounds is  in  the  ratio  of  2  to  3,  and  the  experiments  of  Ber- 
zelius lead  to  the  inference  that  the  oxide  is  formed  of  185 
parts  or  one  equivalent  of  columbium,  united  with  16  parts 
or  two  equivalents  of  oxygen ;  and  the  acid  of  one  equivalent 
of  the  metal  and  three  of  oxygen.     But  the  combining  pro- 
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atmospheric  atr  be  perfectly  excluded,  and  do  gaseous  mat- 
ters, such  as  carbonic  acid  or  watery  vapour,  be  disengaged 
during  (he  process.  Its  surface  tarnishes  by  exposure  to  the 
atmosphere ;  and  by  the  continued  action  of  air  and  moisture, 
a  dark  matter  is  formed,  which  Berzelius  regards  as  a  definite 
compound.  It  appears,  however,  to  be  merely  a  mixture 
of  the  real  protoxide  and  metallic  antimony.  Heated  to  a 
white  or  even  full  red  heat  in  a  covered  crucible,  and  then 
suddenly  exposed  to  the  air,  it  inflames,  and  bums  with  a 
white  light.  During  the  combustion  a  white  vapour  rises, 
which  condenses  on  cool  surfaces,  frequently  in  the  form  of 
small  shining  needles  of  silvery  whiteness.  These  crystala 
were  formerly  called  argentine  Jiowers  of  antimony,  and  in 
chemical  works  are  generally  described  as  biooxide  of  anti- 
mony ;  but  according  to  Berzelius  they  are  a  protoxide,  ao 
opinion  which  I  believe  to  be  correct. 

The  chemists  who  have  paid  most  attention  to  the  com- 
pounds of  oxygen  and  antimony  are  Thenard*,  Proust-f-,  Ber- 
zelius^,  and  Thomson.  The  former  maintained  the  existence 
of  six,  the  second  of  two,  the  third  of  four,  and  the  last  of 
three  distinct  grades  of  oxidation.  Setting  aside  the  sub- 
oxide of  Berzelius  as  doubtful,  probably  being  a  mere  mix- 
ture of  the  oxide  and  metallic  antimony,  three  definite  com- 
pounds may  be  enumerated,  one  of  which  is  a  salifiable  base, 
and  the  other  two  have  the  properties  rather  of  acids  than 
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Its  texture  is  not  in  the  least  crystalline.  By  contact  with 
water,  it  is  converted,  with  a  hissing  noise  and  increase  of 
temperature,  into  columbic  and  muriatic  acids. 

Sulphuret  of  Columbium. — This  compound,  first  prepared 
by  Rose,  is  generated,  with  the  phenomena  of  combustion, 
when  columbium  is  heated  to  commencing  redness  in  the 
vapour  of  sulphur ;  or  by  transmitting  the  vapour  o{  bisuL 
phuret  of  carbon  over  columbic  acid  in  a  porcelain  tube  at  a 
white  heat,  carbonic  oxide  being  also  evolved. 

Berzelius  has  also  described  a  compound  of  columbium  and 
fluorine.  The  other  compounds  of  columbium  have  been 
scarcely  or  not  at  all  examined. 

SECTION  XIX. 

ANTIMONY. 

Antimony  sometimes  occurs  native ;  but  its  only  ore  which 
IS  abundant,  and  from  which  the  antimony  of  commerce  ia 
derived,  is  the  sulphuret.  This  sulphuret  was  long  regarded 
as  the  metal  itself,  and  was  called  antimony^  or  crude  aniu 
mony ;  while  the  pure  metal  was  termed  the  regulus  of  an^ 
iimony. 

Metallic  antimony  may  be  obtained  either  by  heating  the 
native  sulphuret  in  a  covered  crucible  with  half  its  weight  of 
iron  filings  ;  or  by  mixing  it  with  two-thirds  of  its  weight  of 
cream  of  tartar  and  one-third  of  nitre,  and  throwing  the  mix- 
ture, in  small  successive  portions,  into  a  red-hot  crucible.  By 
the  first  process  the  sulphur  unites  with  iron,  and  in  the  se- 
cond it  is  expelled  in  the  form  of  sulphurous  add ;  while  the 
fused  antimony,  which  in  both  cases  collects  at  the  bottom  of 
the  crucible,  may  be  drawn  off  and  received  in  moulds.  The 
antimony,  thus  obtained,  is  not  absolutely  pure ;  and  there- 
fore, for  chemical  purposes,  should  be  procured  by  heating 
the  oxide  with  an  equal  weight  of  cream  of  tartar. 

Antimony  is  a  brittle  metal,  of  a  white  colour  running  into 
bluish-gray,  and  is  possessed  of  considerable  lustre.  Its 
density  is  about  6*7.  At  810"^  F.  it  fuses ;  and  when  slowly 
cooled,  sometimes  crystallizes  in  octohedral  or  dodecahedral 
crystals.  Its  structure  is  highly  lamellated.  It  has  the  cha- 
racter of  being  a  volatile  metal ;  but  Thenard  found  that  it 
bears  an  intense  white  heat  without  subliming,   provided 
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Id  trying  the  effect  of  re-agents  on  solutions  of  oxide  of  an- 
timony,  it  is  convenient  to  employ  tartar  emetic,  from  its 
property  of  dissolving  in  pure  water  without  decomposition. 
From  a  solution  of  this  salt,  when  moderately  concentrated,  a 
little  pure  potash  throws  down  the  oxide,  but  excess  of  the 
alkali  redissolves  the  precipitate.  The  oxide  is  more  per- 
fectly  separated  by  alkaline  carbonates.  Lime  water  causes  a 
vhite  precipitate,  a  mixed  tartrate  of  lime  and  antimony; 
and  earthy  and  metallic  salts  decompose  tartar  emetic  by 
forming,  like  lime,  sparingly  soluble  compounds  with  tartaric 
acid.  Decomposition  is  also  occasioned  by  most  acids,  which 
throw  down  a  sparingly  soluble  salt  of  antimony  and  cream 
of  tartar;  and  a  recently  made,  pretty  strong,  infusion  of 
gall-nuts  gives  a  yellowish- white  precipitate,  which  consists 
of  tannin  and  oxide  of  antimony.  But  these  appearances 
are  by  no  means  to  be  relied  on  as  tests  of  the  presence 
of  antimony ;  a  mixture  of  other  substances  might  be  simi- 
larly influenced  by  the  same  re-agents ;  in  a  moderately  di- 
luted solution  of  tartar  emetic  most  of  them  produce  no  effect 
whatever ;  and  the  too  free  addition  of  a  pure  alkali  or  of 
an  acid,  even  to  a  strong  solution,  may  altogether  prevent 
that  precipitate  from  forming,  which  a  smaller  quantity  of 
the  same  re-agents  would  have  produced.  The  only  certain 
method  of  bringing  the  antimony  into  view,  even  in  a  very 
weak  solution,  is  to  acidulate  with  tartaric  acid,   and  then 
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that  they  will  ultimately  be  represented  by  the  formula  Sb, 

8b,  and  Sb. 

Oxide. — When  muriate  of  antimony,  made  by  boiling  the 
sulphuret  in  muriatic  acid,  (page  381,)  is  poured  into  water, 
a  white  curdy  precipitate,  formerly  called  powder  ofAlgaroihf 
subsides,  which  is  a  submuriate.  On  removing  the  acid  from 
this  salt  by  digestion  with  carbonate  of  potash,  and  then 
edulcorating  it  with  water,  the  oxide  is  obtained  in  a  state  of 
purity.  It  may  also  be  procured  directly  by  adding  car- 
bonate of  potash  or  soda  to  a  solution  of  tartar  emetic.  It  is 
also  generated  during  the  combustion  of  metallic  antimony ; 
but  as  thus  formed,  I  apprehend  it  is  not  quite  pure. 

The  oxide  of  antimony,  when  prepared  in  the  moist  way,  is 
a  white  powder  with  a  somewhat  dirty  appearance.  When 
heated  it  acquires  a  yellow  tint,  and  at  a  dull  red-heat  in  close 
vessels  it  is  fused,  yielding  a  yellow  fluid,  which  becomes  an 
opaque  grayish  crystalline  mass  on  cooling.  It  is  very  vola- 
tile, and  if  protected  from  atmospheric  air  may  be  sublimed 
completely  without  change.  When  heated  in  open  vessels  it 
absorbs  oxygen ;  and  when  the  temperature  is  suddenly  rais- 
ed, and  the  oxide  is  porous,  it  takes  fire  and  bums.  In  both 
cases  antimonious  acid  is  generated.  It  is  the  only  oxide  of 
antimony  which  forms  regular  salts  with  acids,  and  is  the 
base  of  the  medicinal  preparation  tartar  emetic,  the  tartrate 
of  antimony  and  potash.  Most  of  its  salts,  however,  are 
either  insoluble  in  water,  or,  like  muriate  of  antimony,  are 
decomposed  by  it,  owing  to  the  aflSnity  of  that  fluid  for  the 
add  being  greater  than  that  of  the  acid  for  oxide  of  antimony. 
This  oxide  is  therefore  a  feeble  base ;  and,  indeed,  possesses 
the  property  of  uniting  with  alkalies.  To  the  foregoing  re- 
mark, however,  tartrate  of  antimony  and  potash  is  an  excep* 
tion ;  for  it  dissolves  readily  in  water  without  change.  By 
excess  of  tartaric  or  muriatic  acid,  the  insoluble  salts  of  an- 
timony may  be  rendered  soluble  in  water. 

The  presence  of  antimony  in  solution  is  easily  detected  by 
sulphuretted  hydrogen.  This  gas  occasions  an  orange  colour- 
ed precipitate,  hydrated  sesquisulphuret  of  antimony,  which 
is  soluble  in  pure  potash,  and  is  dissolved  with  disengage- 
ment of  sulphuretted  hjdrogen  gas  by  hot  muriatic  acid, 
forming  a  solution  from  which  the  white  submuriate  is  pre- 
cipitated by  water. 
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after  being  heated  to  redness.  It  combines  in  definite  pro- 
portion witb  alkalies,  and  its  salts  are  called  antimoniatet. 
Antimonious  acid  is  precipitated  from  these  salts  by  acids  as 
a  hydrate,  which  reddens  litmus  paper,  and  is  diHsolTed  by 
muriatic  and  tartaric  acids,  though  without  appearing  to 
form  with  them  definite  compounds. 

Antimonie  acid,  sometimes  called  peroxide  oi  antimony,  is 
obtained  as  a  white  hydrate,  either  by  digesting  the  metal  in 
strong  nitric  acid,  or  by  dissolving  it  in  nitromuriatic  acid, 
concentrating  by  heat  to  expel  excess  of  acid,  and  throwing 
the  solution  into  water.  When  recently  precipitated  it  red- 
dens litmus  paper,  and  may  then  be  dissolved  in  water  by 
means  of  muriatic  or  tartaric  acid.  It  does  not  enter  into 
definite  combination  witb  acids,  but  with  alkalies  forms  salts, 
which  are  called  antimoniates.  When  the  hydrated  peroxide 
is  exposed  to  a  temperature  of  500°  or  600°  F.  the  water  is 
evolved,  and  the  pure  peroxide  of  a  yellow  colour  remains. 
In  this  state  it  resists  the  action  of  muriatic  acid.  When  ex- 
posed to  a  red  heat,  it  parts  with  oxygen,  and  is  converted 
into  antimonious  acid. 

Ckloridet  of  Antimony. — When  antimony  in  powder  is 
thrown  into  a  jar  of  chlorine  gas,  combustion  ensues,  and  the 
Besqui.«hloride  of  antimony  is  generated.  The  same  ctHn- 
pound  may  be  formed  by  distilling  a  mixture  of  antimony 
with  about  twice  and  a  half  its  weight  of  corrosive  sublimate. 
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orange-red  sesqui-sulphuret  of  antimony  subsides,  which  pre- 
serves its  characteristic  tint  even  when  deposited  from  colour- 
ed solutions.  It  may  then  be  further  recognized  by  solution 
in  hot  muriatic  acid  and  precipitation  by  water.  The  metal 
itself  may  in  general  be  obtained  by  placing  the  dry  sulphu- 
ret  in  a  glass  tube,  transmitting  through  it  a  current  of 
hydrogen  gas,  and  then,  when  all  the  atmospheric  air  is  dis- 
placed, heating  the  sulphuret  by  the  flame  of  a  spirit-lamp. 
The  sulphur  is  carried  off  in  the  form  of  sulphuretted  hydro* 
gen,  and  the  metallic  antimony,  recognizable  by  its  lustre, 
remains.  The  metal  is  principally  found  where  the  sulphuret 
lay ;  but  if  the  current  of  gas  during  the  reduction  happens 
to  be  rapid,  it  causes  mechanically  a  spurious  sublimation  of 
antimony,  which  lines  part  of  the  tube  with  a  thin  film  of 
metal.  When  much  organic  matter  is  mixed  with  the  sul* 
phuret,  the  metal  is  sometimes  indistinctly  seen.  In  that 
case  it  should  be  dissolved  in  a  few  drops  of  nitro-muriatic 
acid  with  heat,  and  be  precipitated  by  water :  it  may  then  be 
redissolved  by  tartaric  acid,  and  again  precipitated  with  its 
characteristic  tint  by  sulphuretted  hydrogen.  Orfila  recom- 
mends that  the  metal  should  be  obtained  from  the  sulphuret 
by  fusion  with  black  flux  ;  but  I  have  elsewhere  shown  this 
process  to  be  very  precarious,  and  my  opinion  is  supported 
by  the  experience  of  Dr.  Christison.  (Treatise  on  Poisons, 
2nd  Ed.  429.) 

Antimoniotis  Acid.-^When  metallic  antimony  ia  digested 
in  strong  nitric  acid,  the  metal  is  oxidized  at  the  expense  of 
the  acid,  and  a  white  hydrate  of  the  peroxide  is  formed ;  and 
on  exposing  this  substance  to  a  red  heat,  it  gives  out  water 
and  oxygen  gas,  and  is  converted  into  antimonious  acid.  It 
is  also  generated  when  the  oxide  is  exposed  to  heat  in  open 
vessels.  Thus,  on  heating  sulphuret  of  antimony  with  free 
exposure  to  the  air,  sulphurous  acid  and  oxide  of  antimony 
are  generated ;  but  on  continuing  the  roasting  until  all  the 
sulphur  is  burned,  the  oxide  gradually  absorbs  oxygen  and 
passes  into  antimonious  acid.  Hence  this  acid  is  formed  in  the 
process  of  preparing  the  pulvis  antimonialis  of  the  pharmaco- 
poeia. Antimonious  acid  is  white  while  cold,  but  acquires  a 
yellow  tint  when  heated,  is  very  infusible,  and  fixed  in  the 
fire,  two  characters  by  which  it  is  readily  distinguished  from 
the  oxide.      It  is  insoluble  in  water,  and  likewise  in  acids 


vaknt  of  the  oxide  combined  with  two  equivalents  of  the 
seiquisulphuret  of  antimony,  its  formula  being  (Sb+1  j  0)4- 
(2Sb+3S);  aad  it  may  hence  be  called  an  oxi/-tulphuret. 
The  phannaceutic  preparations  known  by  the  terms  of  glait, 
liver,  and  crocus  of  antimony,  are  of  a  similar  nature,  though 
leas  definite  in  composition,  owing  to  the  mode  by  which  they 
are  prepared.  They  are  made  by  roasting  the  native  sul. 
phuret,  BO  as  to  form  sulphurous  acid  and  oxide  of  antimony^ 
and  then  vitrefying  the  oxide  together  with  undecomposed 
ore,  by  means  of  a  strong  heat.  The  product  will  of  course 
differ  according  as  more  or  less  of  the  sulpburet  escapes  oxi- 
dation during  the  process. 

When  sulpburet  of  antimony  is  boiled  in  a  solution  of 
potash  or  soda,  a  liquid  is  obtained,  from  which,  on  cooling, 
an  orange-red  matter  called  Kermes  mineral  is  deposited; 
and  on  subsequently  neutralizing  the  cold  solution  with  an 
acid,  an  additional  quantity  of  a  similar  substance,  the  golden 
tulphuret  of  the  pharmacopceia,  subsides.  These  compounds 
may  also  be  obtained  by  igniting  sulpburet  of  antimony  with 
alkali  or  en  alkaline  carbonate,  and  treating  the  product  with 
hot  water;  of  by  boiling  the  mineral  in  a  solution  of  carbo- 
nate of  soda  or  potash.  The  finest  kermes  is  obtained,  ac- 
cording to  M.  Cluzel,  from  a  mixture  of  4  parts  of  sulpburet 
of  antimony,  90  of  crystallized  carbonate  of  soda,  and  1000 
of  water.     These  materials  are  boiled  for  half  or  three-quar- 
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Other  chloride  of  antimony,  composed  of  one  equivalent  of 
chlorine  and  two  equivalents  of  the  metal.  It  is,  tberefofe^ 
a  aichloride. 

Bromide  of  Antimony. — ^The  union  of  bromine  and  anti- 
mony is  attended  with  disengagement  of  heat  and  light,  and 
the  compound  is  readily  obtained  by  distillation,  as  in  the 
process  for  preparing  bromide  of  arsenic  It  is  solid  at  com- 
mon temperatures,  is  fused  at  206^  F.,  and  boils  at  518^  F. 
It  is  colourless,  and  crystallizes  in  needles ;  it  attracts  mois- 
ture from  the  air,  and  is  decomposed  by  water. 

Sulphurets  of  Antimony. — The  native  sulphuret  of  anti- 
mony is  of  a  lead-gray  colour,  and  though  generally  compact, 
sometimes  occurs  in  acicular  crystals,  or  in  rhombic  prisms. 
When  heated  in  close  vessels,  it  enters  into  fusion  without 
undergoing  any  other  change.  Boiled  in  hot  muriatic  add, 
it  is  dissolved  with  disengagement  of  sulphuretted  hydrogon 
The  experiments  of  Berzelius,  Dr.  Davy,  and  Thomson,  leave 
no  doubt  of  its  being  analogous  in  composition  to  the  oxide 
of  antimony,  that  is,  consisting  of  one  equivalent  of  antimony 
to  one  and  a  half  of  sulphur.  It  may  be  formed  artificially 
by  fusing  together  antimony  and  sulphur,  or  by  transmitting 
a  current  of  sulphuretted  hydrogen  gas  through  a  solution  of 
tartar  emetic.  The  orange-red  precipitate,  which  subsides  in 
the  last-mentioned  process,  is  commonly  regarded  as  hydro- 
sulphuret  of  the  oxide  of  antimony.  In  my  opinion  it  is  a 
hydrated  sulphuret  of  the  metal ;  for  when  well  washed  and 
treated  by  sulphuric  acid  it  does  not  yield  a  trace  of  sulphu- 
retted hydrogen.  The  accuracy  of  this  view  has  been  lately 
confirmed  by  Oay  Lussac.     (An.  de  Ch.  et  Ph.  xlii.  87.) 

The  bisulphuret  is  formed,  according  to  Rose,  by  trans- 
mitting sulphuretted  hydrogen  gas  through  a  solution  of 
antimonious  add  in  dilute  muriatic  add.  (An.  of  Phil. 
N.  S.  X.) 

Rose  formed  the  persulphuret^  consisting  of  one  equivalent 
of  antimony  and  two  and  a  naif  of  sulphur,  by  the  action  of 
sulphuretted  hydrogen  on  a  solution  of  antimonic  add.  The 
golden  sulphuret,  prepared  by  boiling  sulphuret  of  antimony 
and  sulphur  in  solution  of  potash,  a  process  which  is  not 
adopted  by  dther  of  our  coll^;es,  is  a  persulphuret. 

Rose  has  likewise  demonstrated  that  the  red  aniimonf  of 
mineralogists  {rotkipiesglanzerz)  is  a  compound  of  one  equi« 
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perhaps  in  being  or  containing  an  oxy-sulphuret.  It  com- 
monly contains  free  Eulphur,  derived  apparently  from  the  ox- 
idizing influence  of  the  air  on  the  alkaline  bydrosulpburets  of 
the  solution.  When  alkaline  carbonates  are  employed  instead 
of  pure  alkalies,  the  same  phenomena  ensue,  except  tfaat  car- 
bonic acid  is  evolved. 

SECTION  XX. 
URANIUM.— CERIUM. 


Uranivm  was  discovered  in  the  year  1789  by  Klaproth  in 
a  mineral  of  Saxony,  called  from  its  black  colour  ^i(cAi/eR</e, 
which  consists  of  protoxide  of  uranium  and  oxide  of  iron. 
From  this  ore  the  uranium  may  be  conveniently  extracted  by 
the  following  process. — After  heating  the  mineral  to  redness, 
and  reducing  it  to  fine  powder,  it  is  digested  in  pure  nitric 
acid  diluted  with  three  or  four  parts  of  water,  taking  the  pre- 
caution to  employ  a  larger  quantity  of  the  mineral  than  the 
nitric  add  present  can  dissolve.  By  this  mode  of  operating, 
the  protoxide  is  converted  into  peroxide  of  uranium,  wbit^ 
unites  with  the  nitric  acid  almost  to  the  total  exclusion  of  the 
ircMi.  A  current  of  sulphuretted  hydrogen  gas  is  then  trans- 
mitted through  the  solution,  in  order  to  separate  lead  and 
copper,  the  sulphurets  of  which  are  always  mixed  with  pitch- 
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plained,  that  the  ordinary  process  for  oiaking  kermes  leads  to 
the  separation  of  a  compound  of  oxide  of  antimoDy  and 
potash,  which  tenaciously  adheres  to  kermes^  but  is  not  che^ 
mically  united  with  it :  he  rightly  argues  that  the  question 
is  not,  whether  oxide  of  antimony  is  sometimes  or  generally 
present  in  kermes,  but  whether  the  latter  can  exist  without 
oxide  of  antimony.  This  question  he  has  answered  affirma- 
tively. He  fused  sulphuret  of  antimony  with  black  flux, 
boiled  the  residue  in  water,  and  set  aside  the  scdution  to  cool ; 
a  perfect  kermes  was  deposited,  which  he  considers,  and  I 
apprehend  with  good  reason,  to  be  quite  free  from  oxide  of 
antimony.     (Pog.  Annalen,  xx.  364.) 

The  theory  of  the  preparation  of  kermes,  as  given  by  Ber- 
zelius,  is  the  following. — When  sesqui-sulphuret  of  antimony 
is  fused  with  potash,  part  of  each  interchanges  elements  with 
the  other  in  the  ratio  of  two  equivalents  of  the  former, 
2Sb+3S,  to  three  of  the  latter,  3Ka+30,  yielding  3  ccnr- 
responding  equivalents  of  sulphuret  of  potassium,  3Ka+ 
3S,  and  2  of  oxide  of  antimony,  28b +30.  The  sulphu- 
ret of  potassium  then  unites  with  undecomposed  sulphuret 
of  antimony,  and  the  oxide  of  antimony  with  undecomposed 
potash,  and  both  compounds  are  dissolved  by  hot  water.  As 
the  solution  cools  the  sesqui-sulphuret  of  antimony  subsides, 
simply  because  the  solvent  power  of  sulphuret  of  potassium 
is  thereby  diminished ;  but  a  varifible  quantity  of  potash  and 
oxide  of  antimony  falls  with  the  deposite,  and  cannot  be  entirdy 
removed  by  washing  with  water.  The  cold  solution  still 
contains  a  double  sulphuret  of  antimony  and  potasdum,  to. 
gether  with  oxide  of  antimony  united  with  potash :  on  acidu- 
lating  with  sulphuric  acid,  the  sulphuret  of  potassium  is 
resolved,  by  decomposition  of  water,  into  potash  and  sul- 
phuretted hydrogen;  while  the  hydrated  sesqui-sulphuret 
and  oxide  of  antimony,  which  is  also  separated  from  its 
potash,  are  thrown  down  either  in  combination  or  in  mixture 
with  each  other.  Berzelius  believes  the  same  change  to 
occur  when  the  ingredients  are  boiled  instead  of  fused  to- 
gether. In  the  preceding  explanation  the  metallic  sulphurets 
are  supposed  to  exist  as  such  in  solution;  whereas  others 
will  consider  the  solution  to  contain  hydrosulphurets  of  the 
oxides.  The  golden  sulphuret  differs  from  kermes,  in  the 
absence  of  potash,  in  containing  more  oxide  of  antimony,  and 


CERIUM. 
Cerium  was  diicorered  in  the  year  l(t03  by  HJsiDger  and 
Berzelius,  in  a  rare  Swedish  mineral  Icnown  by  the  name  of 
cerite,  and  its  existence  was  recc^nised  about  the  same  time 
by  Klaproth.  Dr.  Thomson  has  since  found  it  to  the  extent 
of  thirty-four  per  cent  in  a  mineral  from  Greenland,  called 
Allanite,  in  honour  of  Mr.  Allan,  who  first  distinguished  it 
as  a  distinct  species. 

The  properties  of  cerium  are  in  a  great  measure  unknown. 
It  appears  from  the  experience  of  Yauquelin,  who  obtained  it 
in  minute  buttons  not  larger  than  the  head  of  a  pin,  that  it  is 
a  white  brittle  metnl,  which  resists  the  action  of  nitric,  but  is 
dissolved  by  nitro-muriatic  acid.  According  to  an  experi- 
ment made  by  Mr.  Children  and  Dr.  Thomson,  metallic  cerium 
is  volatile  in  very  intense  degrees  of  heat.  (An.  of  Phil,  ii.) 
Oxidn  of  Cerium.— Cerium  unites  with  oxygen  in  two 
proportions,  the  oxygen  of  which  according  to  Hisinger  are 
in  the  ratio  of  I  to  1^  or  of  2  to  3.  (An.  of  Phil.  iv.  355.) 
From  his  analyses  of  the  chloride  it  appears  that  46  is  an 
equivalent  of  cerium,  and  that  its  oxides  consist  of 
Cerium.  Oiygea.  Fonnnls. 

Pntoudc     .    46  or  I  eq.4-  8  or  1    eq.     =     54  Ce+0  or  Ce. 

pgronila      .    46or  1  eq.  +  12or  Ueq.     =    68      .      Ce+U  Oor  1  ('^) 
Protoxide  of  cerium  is  a  white  powder,  which  is  insoluble 
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Studied  by  Arfwedson  and  Thomson.  (First  Principles,  ii.) 
According  to  the  former,  whose  results  have  been  confirmed 
by  Berzelius,  the  oxygen  of  the  two  oxides  is  in  the  ratio  of 
2  to  3,  and  the  protoxide  contains  3*557  per  cent  of  oxygen. 
The  oxides  may  hence  be  inferred  to  consist  of,  (An.  of  Phil. 
N.  S.  vii.  258.) 

Unnium.  Oxygen.  Forarals. 

Protoxide    .    •    217  or  1  eq.  +     8  or  1  eq.     =  226    .    U+O  or  U 
Peroxide     .     .    217  or  1  eq.  +  12  or  1}  eq.  =  229    .    U-f  UO  or  |(U) 

The  protoxide  of  uranium  is  of  a  very  dark  green  colour, 
and  is  obtained  by  decomposing  nitrate  of  the  peroxide  by 
heat.  It  is  exceedingly  infusible,  and  bears  any  temperature 
hitherto  tried  without  change.  It  unites  with  adds,  forming 
salts  of  a  green  colour.  It  is  readily  oxidized  by  nitric  add, 
and  yields  a  yellow  solution  which  is  a  pernitrate.  The  prot- 
oxide is  employed  in  the  arts  for  giving  a  black  colour  to 
porcelain. 

Peroxide  of  uranium  is  of  a  yellow  or  orange  colour,  and 
most  of  its  salts  have  a  similar  tint.  It  not  only  combines 
with  adds,  but  likewise  unites  with  alkaline  bases,  a  property 
which  was  first  noticed  by  Arfwedson.  It  is  predpitated 
from  acids  as  a  yellow  hydrate  by  pure  alkalies,  fixed  or 
volatile ;  but  retains  a  portion  of  these  bases  in  combination. 
It  is  thrown  down  as  a  carbonate  by  alkaline  carbonates, 
but  is  redissolved  by  an  excess  of  carbonate  of  soda  or  am« 
monia,  a  circumstance  which  affords  an  easy  method  of  sepa- 
rating uranium  from  iron.  It  is  not  predpitated  by  sulphu- 
retted hydrogen.  With  ferrocyanate  of  potash  it  gives  a 
brownish-red  precipitate,  not  unlike  ferrocyanate  of  the  oxide 
of  copper. 

Peroxide  of  uranium  is  decomposed  by  a  strong  heat,  and 
converted  into  the  protoxide.  From  its  affinity  for  alkalies, 
it  is  difficult  to  obtain  it  in  a  state  of  perfect  purity.  It 
is  employed  in  the  arts  for  giving  an  orange  colour  to  por- 
celain. 

Sulphuret  of  Uranium  may  be  formed  by  transmitting  the 
vapour  of  bisulphuret  of  carbon  over  protoxide  of  uranium 
strongly  heated  in  a  tube  of  porcelain.  (Rose.)  It  is  of  a 
dark-gray  or  nearly  black  colour,  is  converted  into  protoxide 
of  uranium  when  heated  in  the  open  air,  and  is  readily  dis- 
solved by  nitric  acid.    Muriatic  add  attacks  it  feebly. 
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after  being  heated  to  redness.  It  combiDes  in  defiaite  pro- 
portion with  alkalies,  and  its  salts  are  called  atitimonialet. 
AntimoniouB  acid  is  precipitated  from  these  salts  by  aods  as 
a  hydrate,  which  reddens  litmus  paper,  and  is  dissolved  by 
muriatic  and  tartaric  acids,  though  without  appeuii^  to 
form  with  them  definite  compounds. 

Antimonic  acid,  sometimes  called  peroxide  at  antimony,  is 
obtained  as  a  white  hydrate,  either  by  digesting  the  metal  in 
strong  nitric  acid,  or  by  dissolving  it  in  nitromuriatic  acid, 
concentrating  by  heat  to  expel  excess  of  acid,  «nd  throwing 
the  solution  into  water.  When  recently  precipitated  it  red- 
dens litmus  paper,  and  may  then  be  dissolved  in  water  by 
means  of  muriatic  or  tartaric  acid.  It  does  not  enter  into 
definite  combination  with  acids,  but  with  slkalies  forms  salts, 
which  are  called  antimoniatea.  When  the  hydrated  peroxide 
is  exposed  to  a  temperature  of  500°  or  600°  F.  the  water  is 
evolved,  and  the  pure  peroxide  of  a  yellow  colour  remains. 
In  this  state  it  resists  the  action  of  muriatic  acid.  When  ex- 
posed to  a  red  heat,  it  parts  with  oxygen,  and  is  converted 
into  antimtMiiouB  acid. 

Chloride*  of  Antimony. — When  antimony  in  powder  is 
thrown  into  a  jar  of  chlorine  gas,  combustion  ensues,  and  the 
■esqui-chloride  of  antimony  is  generated.  The  same  com- 
pound may  be  formed  by  distilling  a  mixture  of  antimony 
with  about  twice  and  a  half  its  weight  of  corrosive  sublimate. 
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ble  parts  are  then  redissolved  by  water,  and  an  exoesB  of  am- 
monia is  added.  The  precipitate  thus  formed,  consisting  of 
the  oxides  of  iron  and  cerium,  is  well  washed  and  afterwards 
digested  in  a  solution  of  oxalic  acid,  which  dissolves  the  iron, 
and  forms  an  insoluble  oxalate  with  the  cerium.  By  heating 
this  oxalate  to  redness  in  an  open  fire,  the  acid  is  decomposed, 
and  the  peroxide  of  cerium  is  obtained  in  a  pure  state. 

Sulphuret  of  Cerium. — Dr.  Mosander  has  succeeded  in 
forming  this  compound  by  two  different  processes.  The  first 
method  is  by  transmitting  the  vapour  of  sulphuret  of  carbon 
over  carbonate  of  cerium  at  a  red  heat ;  and  the  second  is  by 
fusing  oxide  of  cerium  at  a  white  heat  with  a  large  excess  of 
sulphuret  of  potassium  (heparsulpkuris)^  and  afterwards  re- 
moving the  soluble  parts  by  water.  The  product  of  the  first 
operation  is  porous,  light,  and  of  a  red  colour  like  red  lead ; 
and  that  of  the  second  is  in  small  brilliant  scales,  and  of  a 
yellow  colour,  like  aurum  musivum.  These  sulphurets, 
though  different  in  appearance,  are  similar  in  point  of  compo- 
sition, containing  26  per  cent  of  sulphur.  They  are  insolu- 
ble in  water,  but  are  dissolved  in  acids  with  evolution  of  sul- 
phuretted hydrogen  gas,  without  any  residuum  of  sulphur. 
(Philos.  Mag.  and  Annals,  i.  71.) 

SECTION  XXI. 

BISMUTH.— TITANIUM.— TELLURIUM. 

BISMUTH. 

Bismuth  is  found  in  the  earth  both  native  and  in  combina- 
tion with  other  substances,  such  as  sulphur,  oxygen,  and  arse- 
nia  That  which  is  employed  in  the  arts  is  derived  chiefly 
from  native  bismuth,  and  commonly  contains  small  quantities 
of  suljAur,  iron,  and  copper.  It  may  be  obtained  pure  for 
chemical  purposes  by  heating  the  oxide  or  subnitrate  to  red* 
ness  along  with  charcoal. 

Bismuth  has  a  reddish*white  colour  and  considerable  lustre. 
Its  structure  is  highly  lameUated,  and  when  slowly  oocded«  it 
crystallizes  in  octbhedrons.  Its  density  is  about  10.  It  is 
brittle  when  cold,  but  may  be  hammered  into  plates  while 
warm.  At  476^  F.  it  fuses,  and  sublimes  in  close  vessels  at 
about  30"^  Wedgwood.  It  is  a  less  perfect  conductor  of  calo- 
ric than  most  other  metals. 
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Talent  of  the  oxide  combined  with  two  equivalents  of  the 
sesquisuli^uret  of  antimony,  iu  formula  Ytaag  (Sb+l^  0)+ 
(2Sb+3S);  and  it  may  hence  be  called  an  axy-mlpkuret. 
The  pharmaceutic  preparations  known  by  the  terms  of  g&ui, 
liver,  and  crocus  of  antimony,  are  of  a  similar  nature,  though 
less  definite  in  compoBition,  owing  to  the  mode  by  which  they 
are  prepared.  They  are  made  by  roasting  the  native  suU 
phuret,  so  as  to  form  sulphurous  acid  and  oxide  of  antimony, 
and  then  vitrefying  the  oxide  together  with  undecomposed 
ore,  by  means  of  a  strong  heat.  The  product  will  of  course 
differ  according  as  more  or  less  of  the  sulphuret  escapes  oxi- 
dation during  the  process. 

When  sulphuret  of  antimony  is  boiled  in  a  sdution  of 
potash  or  soda,  a  liquid  is  obtained,  from  which,  on  cooling, 
an  orange-red  matter  called  Kermes  mineral  is  deposited; 
and  on  subsequently  neutralizing  the  cold  solution  with  an 
acid,  an  additional  quantity  of  a  similar  substance,  the  golden 
sulphuret  of  the  pharmacopoeia,  subsides.  These  compounds 
may  also  be  obtained  by  igniting  sulphuret  of  antimony  with 
alkali  or  an  alkaline  carbonate,  and  treating  tlie  product  with 
hot  water;  or  by  boiling  the  mineral  in  a  solution  of  carbo- 
nate of  soda  or  potash.  The  finest  kermes  is  obtained,  ac- 
cording to  M.  Cluzel,  from  a  mixture  of  4  parts  of  sulphuret 
of  antimony,  90  of  crystalUzed  carbonate  of  soda,  and  1000 
of  water.     These  materials  are  boiled  for  half  or  three-quar- 
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Chloride  of  bismuth  is  of  a  grayish-white  colour,  opaque, 
and  of  a  granular  texture.  It  fuses  at  a  temperature  a  little 
above  that  at  which  the  metal  itself  is  liquefied,  and  bears  a 
red  heat  in  close  vessels  without  subliming.  From  the  ex- 
periments of  Drs.  Davy  and  Thomson,  it  appears  to  consist 
of  one  equivalent  of  each  of  its  elements.  (Phil.  Trans.  1812.) 

Bromide  of  Bismuth  is  prepared  by  heating  the  metal  with 
a  large  excess  of  bromine  in  a  long  tube ;  whea  a  gray  co- 
loured bromide  results,  similar  in  its  aspect  to  fosed  iodine. 
At  392P  F.  it  enters  into  fusion,  and  at  a  low  red  heat  sub- 
limes. With  water  it  is  converted  into  oxide  of  bismuth  and 
hydrobromic  add,  the  former  of  which  combines  with  some 
undecomposed  bromide  of  bismuth  as  an  oxy-bromide.  (Se- 
rullas.) 

Sulphuret  of  Bismuth. — This  sulphuret  is  found  native, 
and  may  be  formed  artificially  by  fusing  bismuth  with  sul- 
phur. It  is  of  a  lead-gray  colour,  and  metallic  lustre.  Tbfe 
experiments  of  Dr.  Davy,  Thomson,  and  Lagerhielro  leave 
no  doubt  of  its  being  composed  of  one  equivalent  of  bismuth 
and  one  equivalent  of  sulphur.  I  apprehend  the  dark  brown 
precipitate  caused  by  the  action  of  sulphuretted  hydrogen  on 
the  salts  of  bismuth  is  likewise  a  protosulphuret. 

TITANIUM. 

Titanium  was  first  recognised  as  a  new  substance  by -Mr. 
Gregor  of  Cornwall,  and  its  existence  was  afterwards  esta- 
blished by  Klaproth.  (Contributions  1)  But  the  proper- 
ties of  the  metal  were  not  ascertained  in  a  satisfactory  man- 
ner until  the  year  1822,  when  Dr.  WoUaston  was  led  to 
examine  some  minute  crystals  which  were  found  in  a  slag  at 
the  bottom  of  a  smelting  furnace  at  the  great  iron  works 
at  Merthyr  Tydvil  in  Wales,  and  presented  to  him  by  the 
Rev.  Dr.  Buckland.  (Phil.  Trans.  182a)  These  crystals, 
which  have  since  been  found  at  other  iron  works,  are  of  a 
cubic  form,  and  in  colour  and  lustre  resemble  burnished  cop- 
per. They  conduct  electricity,  and  are  attracted  slightly  by 
the  magnet,  a  property  which  seems  owing  to  the  presence 
of  a  minute  quantity  of  iron.  Their  specific  gravity  is  5*3 ; 
and  their  hardness  is  so  great,  that  they  scratch  a  polished 
surface  of  rock  crystal.  They  are  exceedingly  infusible ;  but 
when  exposed  to  the  united  action  of  heat  and  air,  their  sur- 
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perhmps  in  being  or  contuning  an  oxy-sulpl»wet.  It  com- 
monly  contains  free  sulphur,  derived  apparently  tram  the  ox- 
idizing influence  of  the  air  on  the  alkaline  bydroiiilphuretB  of 
the  Bolutiun.  When  alkaline  carbonatea  are  employed  instead 
of  pure  alkalies,  the  same  phenomena  ensue,  except  that  car- 
bonic acid  is  evolved. 

SECTION  XX. 
CRANIUM.— CERIUM. 


Uranium  was  discovered  in  the  year  1789  by  Klaproth  in 
a  mineral  of  Saxony,  called  from  its  black  <xAout  pUchbUadt, 
which  consists  of  protoxide  of  uranium  and  oxide  of  iroo. 
From  this  ore  the  uranium  may  be  conveniently  extracted  by 
the  following  process. — After  heating  the  mineral  to  redness, 
and  reducing  it  to  fine  powder,  it  is  digested  in  pure  nitric 
acid  diluted  with  three  or  four  parts  of  water,  taking  the  pre- 
caution to  employ  a  larger  quantity  of  the  mineral  than  the 
nitric  add  present  can  dissolve.  By  this  mode  of  operating, 
the  protoxide  is  converted  into  peroxide  of  uranium,  which 
unites  with  the  nitric  acid  almost  to  the  total  exclusion  of  the 
iron.  A  current  of  sulphuretted  hydrogen  gas  is  then  trans- 
mitted through  the  solution,  in  order  to  separate  lead  and 
copper,  the  sulphurets  of  which  are  always  mixed  with  pitch- 
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other  chloride  of  antimony,  composed  of  one  equivalent  of 
chlorine  and  two  equivalents  of  the  metal.  It  is,  therefore, 
a  bichloride. 

Bromide  of  Antimony, — ^The  union  of  bromine  and  anti- 
mony is  attended  with  disengagement  of  heat  and  light,  and 
the  compound  is  readily  obtained  by  distillation,  as  in  the 
process  for  preparing  bromide  of  arsenic.  It  is  solid  at  com- 
mon temperatures,  is  fused  at  206°  F.,  and  boils  at  518°  F. 
It  is  colourless,  and  crystallizes  in  needles;  it  attracts  mois- 
ture from  the  air,  and  is  decomposed  by  water. 

Sulphurets  of  Antimony. — The  native  sulphuret  of  anti* 
mony  is  of  a  lead-gray  colour,  and  though  generally  compact, 
sometimes  occurs  in  acicular  crystals,  or  in  rhombic  prisms. 
When  heated  in  close  vessels,  it  enters  into  fusion  without 
undergoing  any  other  change.  Boiled  in  hot  muriatic  add, 
it  is  dissolved  with  disengagement  of  sulphuretted  hydrogen 
The  experiments  of  Berzelius,  Dr.  Davy,  and  Thomson,  leave 
no  doubt  of  its  being  analogous  in  composition  to  the  oxide 
of  antimony,  that  is,  consisting  of  one  equivalent  of  antimony 
to  one  and  a  half  of  sulphur.  It  may  be  formed  artificially 
by  fusing  together  antimony  and  sulphur,  or  by  transmitting 
a  current  of  sulphuretted  hydrogen  gas  through  a  solution  of 
tartar  emetic.  The  orange-red  precipitate,  which  subsides  in 
the  last-mentioned  process,  is  commonly  regarded  as  hydio- 
sulphuret  of  the  oxide  of  antimony.  In  my  opinion  it  is  a 
hydrated  sulphuret  of  the  metal ;  for  when  well  washed  and 
treated  by  sulphuric  acid  it  does  not  yield  a  trace  of  sulphu- 
retted hydrogen.  The  accuracy  of  this  view  has  been  lately 
confirmed  by  Oay  Lussac.     (An.  de  Ch.  et  Ph.  xlii.  87.) 

The  bi-^ulphuret  is  formed,  according  to  Rose,  by  trans- 
mitting sulphuretted  hydrogen  gas  through  a  soluticm  of 
antimonious  acid  in  dilute  muriatic  acid.  (An.  of  Phil. 
N.  S.  x.) 

Rose  formed  the  persulphurety  consisting  of  one  equivaknt 
of  antimony  and  two  and  a  naif  of  sulphur,  by  the  action  of 
sulphuretted  hydrogen  on  a  solution  of  antimonic  acid.  The 
golden  sulphuret,  prepared  by  boiling  sulphuret  of  antimony 
and  sulphur  in  solution  of  potash,  a  process  which  is  not 
adopted  by  either  of  our  colleges,  is  a  persulphuret. 

Rose  has  likewise  demonstrated  that  the  red  antimony  of 
niineralogists  (rothspiesglanzerz)  is  a  compound  of  one  equi- 
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Cerium  was  discoTered  in  the  year  1803  by  Hidnger  and 
BerseltUB,  in  a  rare  Swedish  mineral  known  by  the  name  of 
cerite,  and  its  existence  was  recognised  about  the  same  time 
by  Klaproth.  Dr.  Thomson  has  since  found  it  to  the  extent 
of  thirty-four  per  cent  in  a  mineral  from  Greenland,  called 
Allanite,  in  honour  of  Mr.  Allan,  who  first  distinguished  it 
as  a  distinct  species. 

The  properties  of  cerium  are  in  a  great  measure  unknown. 
It  appears  from  the  experience  of  Yauquelin,  who  obtained  it 
in  minute  buttons  not  larger  than  the  head  of  a  pin,  that  it  is 
a  white  brittle  metnl,  which  resists  the  action  of  nitric,  but  ii 
dissolved  by  nitro-muriatic  acid.  According  to  an  experi- 
ment made  by  Mr.  Children  and  Dr.  Thomson,  metallic  cerium 
is  volatile  in  very  intense  degrees  of  heat.     (An.  of  PhiL  iL) 

Oxides  of  Certum-^-Cerium  unites  with  oxygen  in  two 
proportions,  the  oxygen  of  which  according  to  Hidnger  are 
in  the  ratio  of  1  to  li  or  of  2  to  3.  (An.  of  Phil.  iv.  36fi.) 
From  his  analyses  of  the  chloride  it  appears  that  46  is  an 
equivalent  of  cerium,  and  that  its  oxides  consiat  of 
Cerium.  Oxygen.  Fonnoln. 

ProMxidc     .    46  or  1  eq.+  8  oi  1    eq.     =     64      .      Ce+0  or  Ce. 
Firoiide      .    46ot  lBq.  +  12  or  1^  eq.     =    S8      .      Ce+ 1 1  O or  (  ('l^) 

Protoxide  of  cerium  u  a  white  powder,  which  is  insoluble 
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ed  on  a  filter  and  well  washed,  as  before,  may  be  dried  and 
heated  to  redness.  This  method  was  proposed  by  Professor 
Rose  of  Berlin.     (An.  de  Ch.  et  de  Physique,  xxiii.) 

Rose  has  since  simplified  the  process  in  the  following  man- 
ner. Either  rutile  or  titaniferous  iron,  after  being  pulverized 
and  washed,  is  exposed  in  a  porcelain  tube,  at  a  very  strong 
red  heat,  to  a  current  of  sulphuretted  hydrogen  gas,  which 
acts  upon  the  oxide  of  iron,  giving  rise  to  water  and  sulphuret 
of  iron.  As  soon  as  water  ceases  to  appear,  the  process  is  dis- 
.  continued,  the  mass  digested  in  muriatic  acid  to  remove  the 
iron,  and  the  oxide  of  titanium  separated  from  adhering  sul- 
phur by  heat.  A  little  iron  is  still  usually  retained ;  but  the 
whole  may  be  removed  by  a  repetition  of  the  same  process. 
(An.  de  Ch.  et  Ph.  xxxviii.  131.) 

Peroxide  of  titanium,  when  pure,  is  quite  white.  It, is  ex- 
ceedingly infusible  and  difficult  of  reduction ;  and  after  being 
once  ignited,  it  ceases  to  be  soluble  in  acids.  Rose  has  ob- 
served that,  like  silica,  it  possesses  weak  add  properties. 
Thus  he  finds  that  it  unites  readily  with  alkalies,  and  de^ 
nies  its  power  of  acting  as  an  alkaline  base.  On  this  account 
he  proposes  for  it  the  name  of  titanic  acid.  In  the  state 
of  hydrate,  as  when  precipitated  from  muriatic  add  by  boil- 
ing, or  when  combined  with  an  alkali  after  fusion,  it  has  a 
singular  tendency  to  pass  through  the  pores  of  a  filter  when 
washed  with  pure  water ;  but  the  presence  of  a  little  add, 
alkali,  or  a  salt,  prevents  this  inconvenience.  After  exposure 
to  a  red  heat  it  is  not  attacked  by  acids,  except  by  the 
hydrofluoric. 

If  previously  ignited  with  carbonate  of  potash,  oxide  of 
titanium  is  soluble  in  dilute  muriatic  acid ;  but  it  is  retained 
in  solution  by  so  feeble  an  attraction,  that  it  is  precipitated 
merely  by  boiling.  It  is  likewise  thrown  down  by  the  pure 
and  carbonated  alkalies,  both  fixed  and  volatile.  A  solution 
of  gall-nuts  causes  an  orange-red  colour,  which  is  very  cha- 
racteristic of  the  presence  of  titanium ;  an  efiect  which  ap- 
pears owing  to  tannin,  and  not  to  gallic  acid.  When  a  rod  of 
zinc  is  suspended  in  the  solution,  a  purple-coloured  powder, 
probably  the  protoxide,  is  precipitated,  which  is  gradually  re- 
converted into  the  peroxide. 

The  equivalent  of  titanium  deduced  by  Rose  from  his  ana- 
lysis of  the  bisulphuret,  has  been  since  shown  by  himself  to 
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Bismuth  undergoes  little  chauge  by  exposure  to  air  at 
oommon  tanperaturea.  When  fused  ia  open  vesselG,  its  sur- 
face  becomes  covered  with  a  gray  (ilm,  which  is  a  mixture  ci 
metallic  bismuth  with  the  oxide  of  the  metal.  Heated  to  its 
subliming  point  it  bums  with  a  bhiish-white  flame,  and  emits 
cojMous  fumes  of  oxide  of  bismuth.  The  metal  is  attacked 
with  difficulty  by  muriatic  or  sulphuric  acid,  but  it  is  readily 
oxidized  and  dissolved  by  nitric  acid. 

Oxide  of  Bismuth.~^This  metal  unites  with  oxygen  in  one 
proportion  only,  farming  a  yellow  coloured  oxide,  which  may 
be  easily  procured  by  heating  the  subnitrate  to  redness.  At  a  . 
full  red  heat  it  is  fused,  and  yields  a  transparent  yellow  glass. 
At  a  still  higher  temperature  it  i&  sublimed.  It  unites  with 
acids,  and  most  of  its  salts  are  white.  According  to  the  ex- 
periments of  Lagerhjelm  100  parts  of  bismuth  combine  with 
11*275  of  oxygen  to  constitute  the  oxide;  (An.  of  Phil.  It. 
357)  and  hence  if  this  oxide  be  formed  of  one  atom  of  each 
element,  the  equivalent  of  the  metal  will  be  71 ,  and  that  of  the 
oxide  79.  Berzelius  suspects  that  the  oxide  of  bismuth  is 
constituted,  Uke  (he  oxide  of  antimony,  of  2  atoms  of  metal  to 
3  attHQB  of  oxygen ;  but  till  we  possess  more  decisive  iudicft- 
tions  of  its  real  atomic  constitution,  I  shall  adopt  the  more 
simple  estimate. 

When  nitrate  of  bismuth,  either  in  solution  or  in  crystals, 
is  put  into  water,  a  copious  precipitate,  the  subnitrate,  of 
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According  to  the  experiments  of  Rose  it  is  proportional  to 
peroxide  of  titanium,  consisting  of  24*3  parts  or  one  equi- 
valent of  titanium,  and  32  parts  or  two  equivalents  of  sul- 
phur. 

TELLURIUM. 

Tellurium  is  a  rare  metal,  hitherto  found  only  in  the  gold 
mines  of  Transylvania,  and  even  there  in  very  small  quantity. 
Its  existence  was  inferred  by  M iiller  in  the  year  1782,  and 
fully  established  in  1798  by  Klaproth.  (CSontributions  iii.) 
It  occurs  in  the  metallic  state,  chiefly  in  combination  with 
gold  and  silver. 

Tellurium  has  a  tin-white  colour  running  into  lead-gray,  a 
strong  metallic  lustre,  and  lamellated  texture.  It  is  very 
brittle,  and  its  density  is  6*115.  It  fuses  at  a  temperature 
below  redness,  and  at  a  red  heat  is  volatile.  When  heated 
before  the  blow-pipe  it  takes  fire,  bums  rapidly  with  a  blue 
flame  bordered  with  green,  and  is  dissipated  in  gray-coloured 
pungent  inodorous  fumes.  The  odour  of  decayed  horse-ra- 
dish is  sometimes  emitted  during  the  combustion,  and  was 
thought  by  Klaproth  to  be  peculiar  to  tellurium ;  but  Ber- 
zelius  ascribes  it  solely  to  the  presence  of  selenium. 

Oxide  of  Tellurium. — Tellurium  is  rapidly  oxidized  by 
nitric  acid,  and  a  soluble  nitrate  of  the  oxide  results.  The 
oxide  is  likewise  formed  during  the  combustion  of  the  metal. 
It  is  of  a  gray  colour,  fuses  at  a  red  heat,  and  at  a  tempera- 
ture still  higher  sublimes.  When  heated  before  the  blow-pipe 
on  charcoal  it  is  decomposed  with  violence.  It  has  the  pro- 
perty of  forming  salts  both  with  acids  and  alkalies.  It  is  pre- 
cipitated from  its  solution  in  acids,  as  a  hydrate,  by  all  the 
alkalies  both  pure  and  carbonated ;  but  it  is  redissolved  by  an 
excess  of  the  precipitant.  Alkaline  hydrosulphurets  occasion 
a  black  precipitate,  which  is  probably  a  sulphuret  of  tellu- 
rium. It  is  reduced  to  the  metallic  state,  and  thrown  down 
as  a  black  powder,  by  insertion  of  a  rod  of  zinc,  tin,  anti- 
mony, or  iron. 

According  to  the  experiments  of  Berzelius,  and  regarding 
the  oxide  as  composed  of  an  atom  of  each  element,  the  equiva- 
lent of  the  metal  is  32*2,  and  that  of  its  oxide  40*2 ;  but  this 
result  requires  confirmation. 

Chloride. — When  dry  chlorine  gas  is  transmitted  over  me- 
tallic tellurium  moderately  heated,  a  volatile  chloride  passes 
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face  becomes  covered  with  a  purple-coloured  film,  which  is  an 
oxide.  They  resist  the  action  of  nitric  and  nitro-muriatic 
acid»,  but  are  completely  oxidized  by  being  strongly  heated 
with  nitre.  They  are  then  converted  into  a  white  subataDcej 
which  possesses  all  the  properties  of  peroxide  of  titanium. 
By  this  character  they  are  proved  to  be  metallic  titanium. 

Liebig  prepares  metallic  titanium  by  putting  fragments  of 
recently  made  chloride  of  titanium  and  ammonia  in  a  glass 
tube  half  an  inch  wide  and  two  or  three  feet  long,  transmit- 
ting through  it  a  current  of  perfectly  dry  ammonia,  and, 
when  atmospheric  air  is  entirely  displaced,  applying  beat 
until  the  glass  softens.  Complete  decomposition  ensues,  ni- 
trogen gas  is  disengaged,  muriate  of  ammonia  sublimes,  and 
metallic  titanium  is  left  in  the  state  of  a  deep  blue  coloured 
powde.r.  If  exposed  to  the  air  while  warm,  it  is  apt  to  take 
fire. 

Oxides  of  Titanittm. — This  metal  has  probably  two  de- 
grees of  oxidation.  The  protoxide  is  of  tL  purp\e  colour,  and 
is  supposed  to  exist  pure  in  the  mineral  called  Anatase :  but 
its  composition  and  chemical  properties  are  unknown.  The 
peroxide  exists  in  a  nearly  pure  state  in  titanite  or  rutile. 
Menaccanite,  in  which  titanium  was  orif^inally  discovered  by 
Mr.Gregor,  is  a  compound  of  the  oxide  of  titanium,  iron,  and 
manganese  This  oxide  is  best  prepared  from  rutile.  The 
tnineral,  aAer  being  reduced  to  an  exceedingly  fine  powder. 
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er  part  of  the  sulphur  escapes  as  sulphurous  acid,  and  the 
metal  is  oxidized ;  after  which  it  is  reduced  by  charcoal,  and 
more  of  the  iron  separated  as  a  silicate  by  the  addition  of 
sand.  Lastly,  the  metal  is  strongly  heated  while  a  current  of 
air  plays  upon  its  surface :  the  impurities,  chiefly  sulphur 
and  iron,  being  more  oxidable  than  copper,  combine  with 
oxygen  by  preference,  and  the  copper  is  at  length  left  in  a 
state  of  purity  sufficient  for  the  purposes  of  commerce. 

Copper  is  distinguished  from  all  other  metals,  titanium  ex- 
cepted, by  having  a  red  colour.  It  receives  a  considerable 
lustre  by  polishing.  Its  density,  when  fused,  is  8*667,  and 
it  is  increased  by  hammering.  It  is  both  ductile  and  malle- 
able, and  in  tenacity  is  inferior  only  to  iron.  It  is  hard  and 
elastic,  and  consequently  sonorous.  Its  point  of  fusion  is 
1996^  F.  according  to  Mr.  Daniell,  being  less  fusible  than 
silver  and  more  so  than  gold. 

Copper  undergoes  little  change  in  a  perfectly  dry  atmo- 
sphere, but  is  rusted  in  a  short  time  by  exposure  to  air  and 
moisture,  being  converted  into  a  green  substance,  carbonate 
of  the  black  oxide  of  copper.  At  a  red  heat  it  absorbs  oxygen, 
and  is  converted  into  the  oxide,  which  appears  in  the  form  of 
black  scales.  It  is  attacked  with  difficulty  by  muriatic  and 
sulphuric  acids,  and  not  at  all  by  the  vegetable  acids,  if  at- 
mospheric air  be  excluded;  but  if  air  has  free  access,  the 
metal  absorbs  oxygen  with  rapidity,  the  attraction  of  the  acid 
for  the  oxide  of  copper  co-operating  with  that  of  the  copper 
for  oxygen.  Nitric  acid  acts  with  violence  on  copper,  form- 
ing a  nitrate  of  the  oxide. 

Oxides  of  Copper. — The  oxides  of  this  metal  have  been 
studied  by  Proust,  Chenevix,  Dr.  Davy,  and  Berzelius,  and 
especially  by  the  former.  (Journ.  de  Physique,  lix.)  The 
labours  of  these  chemists  have  established  the  existence  of 
two  oxides  of  copper,  the  red  and  the  black  oxide,  the  oxy- 
gen  of  which  is  in  the  ratio  of  1  to  2.  A  third  has  been 
added  by  Thenard,  which,  to  prevent  confusion,  I  will  desig- 
nate by  the  name  of  superoxide :  it  contains  twice  as  much 
oxygen  as  the  black  oxide.  Chemists  differ  in  opinion  in  re- 
gard to  the  atomic  constitution  of  these  oxides.  Some  con- 
sider the  red  oxide  as  a  compound  of  one  atom  of  oxygen  and 
one  atom  of  copper ;  while  by  others  it  is  regarded  as  a  ^fr- 
oxide,  a  term  frequently  employed  to  designate  an  oxide 
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be  very  erroneoui.  According  to  his  analjeis  of  the  bi-chlo- 
ride  the  equivaleot  of  titaDium  is  243,  an  estiinate  which  ap< 
pears  to  be  very  nearly  correct.  The  composition  of  the  oxides 
may  hence  be  thus  stated :— (An.  de  Ch.  et  Ph.  xliv.  55.) 

Tilanium.  Oxygen.  Fonnulc. 

Praloxide  24-3  or  1  eq.     +      B  or  1  eq.     =     32'3  Ti+O  or  tl. 

Fwoiide  24-3vleq.      +     16«2eq.     =     W'3      .     Ti+20orTi. 

Bichloride  of  Titanium. — This  substance  waa  discovered  in 
the  year  1834  by  Mr.  George  of  Leeds  by  transmitting  dry 
chlorine  gas  over  metallic  titanium  at  a  red  heat.  Rose  pre- 
pared it  for  the  analysis  just  mentioned  by  heating  a  mixture 
of  the  peroxide  and  charcoal  in  a  tube,  through  which  dry 
chlorine  gas  was  passing :  the  resulting  bichloride  was  puri- 
fied from  adhering  free  chlorine  by  agitation  either  with  mer- 
cury or  potassium,  and  repeated  distillation.  At  common 
temperatures  it  is  a  transpar«it  colourless  fluid,  of  conrider&- 
ble  specific  gravity,  boils  violently  at  a  temperature  a  little 
above  212°  F.,  and  condenses  again  without  change.  Dumaa 
has  shown  that  the  density  of  its  vapour  may  be  estimated  at 
6'615.  In  open  vesaels  it  is  attacked  by  the  moisture  of  the 
atmosphere,  and  emits  dense  white  fumes  of  a  pungent  odour 
similar  to  that  of  chlorine,  but  not  so  offensive.  On  adding 
a  few  drops  of  water  to  a  few  drops  of  the  liquid,  a  very 
rapid,  almost  explosive,  disengagement  of  chlorine  gas  ensues, 
attended  with  connderable  increase  of  temperature;  and  if 
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Dilute  acids  act  very  slowly  on  the  red  oxide ;  and  the  re- 
sulting solution,  as  is  indicated  by  its  tint,  does  not  arise  from 
the  union  of  the  red  oxide  itself  with  the  acid,  but  from  its  being 
resolved,  like  other  suboxides,  into  metal  and  a  protoxide. 
With  strong  nitric  acid  it  is  oxidized,  binoxide  of  nitrogen 
escapes,  and  a  nitrate  of  the  black  oxide  is  formed.  Strong  mu- 
riatic acid  forms  with  it  a  colourless  solution,  which,  judging 
from  the  inability  of  the  red  oxide  to  unite  with  other  acids, 
must  be  considered  as  a  dichloride  in  solution :  alkalies  in- 
deed throw  down  the  hydrated  red  oxide  of  an  orange  tint ; 
but  this  is  no  proof  that  the  oxide  existed  in  solution,  since 
the  red  oxide  is  also  generated  by  the  action  of  dry  alkalies 
on  the  dichloride,  as  above  mentioned.  The  red  oxide  of 
copper  is  soluble  in  amponia,  and  the  solution  is  quite  co- 
lourless ;  but  it  becomes  blue  with  surprising  rapidity  by 
free  exposure  to  air,  owing  to  the  formation  of  the  black  oxide. 

Black  Oxide. — This  compound,  the  copper  black  of  mine- 
ralogists, is  sometimes  found  native,  being  formed  by  the 
spontaneous  oxidation  of  other  ores  of  copper.  It  may  be 
prepared  artificially  by  calcining  metallic  copper,  by  precipi- 
tation from  the  salts  of  copper  by  means  of  pure  potash,  and 
by  heating  nitrate  of  copper  to  redness. 

The  oxide  of  copper  varies  in  colour  from  a  dark  brown  to 
a  bluish-black,  according  to  the  mode  of  formation,  and  its 
density  is  6'401.  It  undergoes  no  change  by  beat  alone,  but 
is  readily  reduced  to  the  metallic  state  by  heat  and  combus- 
tible matter.  It  is  insoluble  in  water,  and  does  not  affect 
the  vegetable  blue  colours.  It  combines  with  nearly  all  the 
acids,  and  most  of  its  salts  have  a  green  or  blue  tint.  It  is 
soluble  likewise  in  ammonia,  forming  with  it  a  deep-blue 
solution,  a  property  by  which  oxide  of  copper  is  distinguished 
from  all  other  substances. 

The  salts  of  copper  are  distinguished  from  most  substances 
by  their  colour,  and  are  easily  recognised  by  reagents.  When 
pure  soda  or  potash  is  mixed  with  a  solution  of  sulphate  of 
copper,  a  greenish-blue  disulphate  at  first  subsides ;  but  as 
soon  as  the  alkali  is  added  in  excess,  a  blue  bulky  hydrate  of 
the  oxide  is  formed,  which  is  decomposed  by  boiling,  and  con- 
sequently becomes  black.  Pure  ammonia  also  throws  down 
the  disulphate  when  carefully  added ;  but  an  excess  of  the 
alkali  instantly  redissolves  the  precipitate,  and  forms  a  deep 
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over,  which  tn«y  be  purified  by  agitation  with  mercury,  and 
distillation.  At  cominon  temperatures  it  is  a  white  crystal- 
line solid ;  but  by  heat  it  becomes  a  browo  liquid,  which 
recovers  its  white  tint  on  cooling.  By  the  action  of  water  it 
is  converted  into  muriatic  acid  and  oxide  of  tellurium,  show.- 
ing  that  it  is  proportional  in  composition  to  that  oxide. 
Hence  its  formula  is  Te+Cl.  (Rose  in  Pog.  Annalen,  xxi. 
443.) 

Rose  also  describes  a  di-chloride,  2  Te+Cl,  formed  when  a 
feeble  current  of  chlorine  gas  acts  on  tellurium  at  a  strong 
heat.  The  dichloride  then  passes  over  in  the  form  of  a  violet 
vapour,  which  at  first  condenses  into  a  black  liquid,  and 
when  quite  cold  becomes  a  solid  of  the  same  colour.  With 
water  it  is  resolved  into  muriate  of  the  oxide,  and  metallic 
tellurium  is  left.  The  native  ore  of  tellurium  and  silver  is 
well  adapted  for  preparing  the  dichloride,  since  a  strong  heat 
may  be  applied  to  it  without  risk  of  volatilizing  metallic  tellu- 
rium. 

Telluretted  hydrogen. — This  gas,  discovered  in  1809  by 
Sir  H.  Davy,  is  colourless,  has  an  odour  similar  to  that  of 
sulphuretted  hydrogen,  and  is  absorbed  by  water,  forming  a 
claret-coloured  solution.  As  it  unites  with  alkalies,  it  may 
be  regarded  as  a  feeble  acid.  It  reddens  litmus  paper  at 
first,  but  Joses  this  property  after  being  washed  with  water. 
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muriate  of  copper ;  and  also  by  decomposing  the  chloride  by 
heat.  It  is  slowly  deposited  in  crystalline  grains  when  the 
green  muriate  of  copper  is  kept  in  a  corked  bottle  in  contact 
with  metallic  copper. 

The  dichloride  of  copper  is  fusible  at  a  heat  just  below 
redness,  and  bears  a  red  heat  in  close  vessels  without  sub- 
liming. It  is  insoluble  in  water,  but  dissolves  in  muriatic 
acid,  and  is  precipitated  unchanged  by  water  as  a  white  pow- 
der. Its  colour  varies  with  the  mode  of  preparation,  being 
white,  yellow,  or  dark  brown.  It  i!^  apt  to  absorb  oxygen 
from  the  atmosphere,  forming  a  green-coloured  compound  of 
oxide  and  chloride  of  copper ;  a  change  to  which  the  dichlo- 
ride prepared  in  the  moist  way  is  peculiarly  prone. 

The  chloride  is  best  formed  by  exposing  the  muriate  of 
copper  to  a  temperature  not  exceeding  400^  F.  (Dr.  Davy.) 
It  is  a  pulverulent  substance  of  a  yellow  colour,  deliquesces 
on  exposure  to  air,  and  is  reconverted  by  water  into  the 
muriate.  It  parts  with  half  its  chlorine  when  strongly 
heated,  and  the  dichloride  of  copper  is  generated. 

Sulphurets  of  Copper. — The  disulphuret,  2Cu-|-S,  is  a  na^ 
tural  production,  well  known  to  mineralogists  under  the  name 
of  copper  glance  ;  and  in  combination  with  sulphuret  of  iron, 
it  is  a  constituent  of  variegated  copper  ore.  It  is  formed  arti- 
ficially by  heating  copper  filings  with  a  third  of  their  weight 
of  sulphur,  the  combination  being  attended  with  such  free 
disengagement  of  caloric,  that  the  mass  becomes  vividly  lu- 
minous. 

The  sulphuret  of  copper,  Cu+S,  is  a  constituent  of  copper 
pyrites,  in  which  it  is  combined  with  protosulphuret  of  iron. 
It  may  be  formed  artificially  by  the  action  of  sulphuretted 
hydrogen  on  a  salt  of  copper.  When  exposed  to  a  red  heat 
in  a  close  vessel,  it  loses  half  of  its  sulphur,  and  is  converted 
into  the  disulphuret. 

Phosphuret  of  copper  may  be  formed  by  the  contact  of 
heated  metallic  copper  and  vapour  of  phosphorus,  by  trans- 
mitting perphosphuretted  hydrogen  over  chloride  or  sulphuret 
of  copper  with  the  aid  of  heat,  or  by  the  action  of  the  same 
gas  on  salts  of  copper.  It  is  probable  that  there  are  several 
different  phosphurets  of  copper,  but  their  composition  has 
not  been  fully  determined. 
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which  has  little  or  no  tendency  to  unite  with  acids,  and  which 
contains  less  than  one  atom  of  oxygen  to  one  of  metal.  After 
carefully  reflecting  on  this  subject  I  am  induced  to  adopt  the 
latter  view  in  preference  to  that  which  I  formerly  held,  and 
do  so  on  the  three  following  grounds: — 1,  because  (he  red 
oxide  has  much  more  decidedly  the  character  of  a  suboxide 
than  I  formerly  believed;  2,  because  the  product  of  the  equi- 
valent and  specific  heat  of  most  metals  is  a  constant  quantity, 
and  copper  conforms  to  the  law  provided  the  block  oxide  con- 
tain an  atom  of  each  clement ;  (page  54)  3,  because  the  salts 
of  the  black  oxide  are  isomorphous  with  the  proto-salts  of 
iron,  and  therefore  these  oxides  may  be  presumed  to  possess 
the  same  atomic  constitution. 

The  most  trustworthy  experiments  for  determining  the 
equivalent  of  copper  are  those  of  Berzelius  on  the  reduction 
of  the  black  oxide  by  means  of  hydrogen  gas  at  a  red  heat. 
(Lehrbuch,  iii.  \25,)  Calculating  from  the  best  of  his  re- 
sults, the  equivalent  of  copper  is  31'6;  and  the  composition 
of  the  three  oxides  may  be  thus  stated  : — 

Col^r.  Oxygen.  FomiuUB. 

iUd  or  di-oiide  63-2oraeii.  +  eorlaq.  =  71-2  2Cu+OorCu. 
BUck  or  Pcotoxide  316  or  1  eq.  +  8  oi  1  eq.  =  39  S  Cu+0  or  (ju, 
Superoxide  31-6  or  1  eq.     +     16  or  3  oq.     =     47-6      Cu+liOorCu. 

Those  who  consider  the  red  oxide  as  the  real  protoxide 
will  of  course  adopt  63'2  as  the  equivalent  of  copper. 
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air.  The  presence  of  saline  matter  in  water  retards  the  oxi- 
dation of  the  lead ;  and  some  salts,  even  in  very  minute  quan- 
tity, prevent  it  altogether.  The  protecting  influence,  exert- 
ed by  certain  substances,  was  first  noticed  by  Ouyton  Mor- 
veau ;  but  it  has  been  minutely  investigated  by  Dr.  Chris- 
tison  of  Edinburgh,  who  has  discussed  the  subject  in  his 
excellent  Treatise  on  Poisons.  He  finds  that  the  preserv- 
ative  power  of  neutral  salts  is  materially  connected  with  the 
insolubility  of  the  compound  which  their  acid  is  capable  of 
forming  with  lead.  Thus,  phosphates,  hydriodates,  muriates, 
and  sulphates  are  highly  preservative ;  so  small  a  quantity  as 
l-30,000th  part  of  phosphate  of  soda  or  hydriodate  of  potash 
in  distilled  water  preventing  the  corrosion  of  lead.  In  a  pre- 
servative solution  the  metal  gains  weight  during  some  weeks, 
in  consequence  of  its  surface  gradually  acquiring  a  superficial 
coating  of  carbonate,  which  is  slowly  decomposed  by  the 
saline  matter  of  the  solution.  The  metallic  surface  being 
thus  covered  with  an  insoluble  film,  which  adheres  temi'^ 
dously,  all  further  change  ceases.  Many  kinds  of  spring 
water,  owing  to  the  salts  which  they  contain,  do  not  corrode 
lead;  and  hence,  though  intended  for  drinking,  may  be 
safely  collected  in  leaden  cisterns.  Of  this,  the  water  of 
Edinburgh  is  a  remarkable  instance. 

Lead  is  not  attacked  by  the  muriatic  or  the  vegetable  acids, 
though  their  presence,  at  least  in  some  instances,  accelerates 
the  absorption  of  oxygen  from  the  atmosphere  in  the  same 
manner  as  with  copper.  Cold  sulphuric  acid  does  not  act 
upon  it ;  but  when  boiled  in  that  liquid,  the  lead  is  slowly 
oxidized  at  the  expense  of  the  acid.  The  only  proper  solvent 
for  lead  is  nitric  acid.  This  reagent  oxidizes  it  rapidly,  and 
forms  with  its  oxide  a  salt  which  crystallizes  in  opaque  octo- 
hedrons  by  evaporation. 

Oxides  of  Lea<2.— Lead  has  three  degrees  of  oxidation,  and 
the  oxygen  of  its  oxides  was  found  by  Berzelius  to  be  in  the 
ratio  of  1,  1^,  and  2.  (An.  of  Phil,  xv.)  The  equivalent  of 
lead,  as  I  have  lately  shown  elsewhere,  may  be  estimated  at 
103*5 ;  and  its  oxides  are  thus  constituted : — (Phil.  Mag.  and 
An.  2  S.  i.  109.) 

Lead.  Oxygen.                                Formuls. 

Protoxide         103-5  or  1  eq.   +  8  or  1    eq.  =  111*5  Pb-f  O  or  Pb. 

Sciqui-oxide     103-5  or  1  eq.   +  12  or  U  cq.  =  115-5  Pb+140  or  4(Pb), 

Peroxide          103*5  or  1  eq.   +  16  or  3    eq.  =  119*5  Pb-fSOorl'b. 


COPPER.  5&5 

Uue  solurion.  Alkaline  carbonates  cause  a  bluish-green  preci- 
pitate, carbonate  of  copper,  which  is  redissolved  by  an  excess 
of  carbonate  of  ammonia.  It  is  precipitated  as  a  dark-brotra 
Bulphuret  by  sulphuretted  hydrogen,  and  as  a  reddish-brown 
ferrocyanate  by  ferrocyanate  of  potash.  It  is  thrown  down 
of  a  yellowish- white  colour  by  albumen,  and  M.  Orfila  has 
proved  that  this  compound  is  inert,  so  that  albumen  is  an 
antidote  to  poisoning  by  copper. 

Copper  is  separated  in  the  metallic  state  by  a  rod  of  iron 
or  zinc.  The  copper  thus  obtained,  after  being  digested  in  a 
dilute  solution  of  muriatic  acid,  is  almost  chemically  pure. 

The  best  mode  of  detecting  copper,  when  supposed  to  be 
present  in  mixed  fluids,  is  by  sulphuretted  hydrogen.  The 
sulphuret,  after  being  collected,  and  heated  to  redness  ia 
order  to  char  organic  matter,  should  he  placed  on  a  piece  of 
porcelain,  and  be  digested  in  a  few  drops  of  nitric  acid.  Sul- 
phate of  copper  is  formed,  which,  when  evaporated  to  dry- 
ness, strikes  the  characteristic  deep  blue  on  the  addition  of 
ammonia. 

Superoxide.— This  oxide  was  prepared  by  Thenard  by  the 
action  of  peroxide  of  hydrogen  diluted  with  water  on  the 
hydrated  black  oxide.  It  suffers  spontaneous  decomposition 
under  water ;  but  it  may  be  dried  in  vacuo  by  means  of  sul- 
phuric acid.  It  is  said  to  contain  twice  as  much  oxygen  as 
the  black  oxide. 
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the  formation  of  any  carbonate,  may  be  freely  and  safdy  ad- 
ministered in  medical  practice. 

The  best  method  of  detecting  the  presence  of  lead  in  wine 
or  other  suspected  mixed  fluids  is  by  means  of  sulphuretted 
hydrogen.  The  sulphuret  of  lead,  after  being  collected  on  a 
filter  and  washed,  is  to  be  digested  in  nitric  add  diluted  with 
twice  its  weight  of  water,  tmtil  the  dark  colour  of  the  sul- 
phuret disappears.  The  solution  of  nitrate  of  lead  ahooU 
then  be  brought  to  perfect  dryness  on  a  watd^g^aas,  in  order 
to  expel  the  excess  of  nitric  add,  and  the  residue  be  redissolved 
in  a  small  quantity  of  cold  water.  On  dropping  a  partide  of 
hydriodate  of  potash  into  a  portion  of  this  liquid,  yellow  iodide 
of  lead  will  instantly  appear. 

Protoxide  of  lead  unites  readily  with  earthy  substances, 
forming  with  them  a  transparent  colourless  glass.  Owing  to 
this  property  it  is  much  employed  for  glazing  earthenware 
and  porcelain.  It  enters  in  large  quantity  into  the  composi- 
tion of  flint  glass,  which  it  renders  more  fusible,  transparent, 
and  uniform. 

Lead  is  separated  from  its  salts  in  the  metallic  state  by  iron 
or  zinc.  The  best  way  of  demonstrating  this  fact  is  by  dis- 
solving one  part  of  acetate  of  lead  in  twenty-four  of  water, 
and  suspending  a  piece  of  zinc  in  the  solution  by  means  of  a 
thread.  The  lead  is  deposited  upon  the  zinc  in  a  peculiar 
arborescent  form,  giving  rise  to  the  appearance  called  arbor 
saturni. 

Sesqui-oxide. — This  compound  is  the  ifitntum  or  red  lead 
of  commerce,  which  is  employed  as  a  pigment,  and  in  the  ma- 
nufacture of  flint  glass.  It  is  formed  by  oxidizing  lead  by 
heat  and  air  without  allowing  it  to  fuse,  and  then  exposing  it 
in  open  vessels  to  a  temperature  of  60(JP  or  700°  F.,  while  a 
current  of  air  plays  upon  its  surface.  It  slowly  absorbs 
oxygen  and  is  converted  into  minium. 

This  oxide  does  not  unite  with  adds.  When  heated  to 
redness  it  gives  off  pure  oxygen  gas,  and  is  reconverted  into 
the  protoxide.  When  digested  in  nitric  add  it  is  resolved 
into  protoxide  and  peroxide  of  lead,  the  former  of  which 
unites  with  the  acid,  while  the  latter  remains  as  an  insoluUe 
powder.  From  the  facility  with  which  this  change  is  effected 
even  by  acetic  acid,  most  chemists  consider  red  lead,  not  so 

■  •  ■ 

much  as  a  definite  compound  of  lead  and  oxygen,  Pb,  but  as 
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LEAD. 

Native  lead  is  an  exceedingly  rare  production ;  but  in 
combination,  especially  with  sulphur,  it  occurs  in  large  quan- 
tity. All  the  metallic  lead  of  commerce  is  extracted  from 
the  native  sulphuret,  the  galena  of  roiDeralogists.  This  ore, 
in  the  state  of  a  coarse  powder,  is  heated  in  a  reverberatory 
furnace ;  when  part  of  it  is  oxidized,  yielding  sulphate  of 
lead,  sulphurous  acid,  which  is  evolved,  and  free  oxide  of 
lead.  These  oxidized  portions  then  react  on  sulphuret  of 
lead :  by  the  reaction  of  two  equivalents  of  oxide  of  lead  and 
one  of  the  sulphuret,  three  equivalents  of  metallic  lead  and 
one  of  sulphurous  acid  result ;  while  one  equivalent  of  the 
sulphuret  and  one  of  sulphate  of  lead  mutually  decompose 
each  other,  giving  rise  to  two  equivalents  of  sulphurous  add 
and  two  of  metallic  lead.  The  slag  which  collects  on  the 
surface  of  the  fused  lead  contains  a  large  quantity  of  sulphate 
of  lead,  and  is  decomposed  by  the  addition  of  quicklime,  the 
oxide  so  separated  reacting  as  before  on  sulphuret  of  lead. 
The  lead  of  commerce  commonly  contains  silver,  iron,  and 
copper. 

Lead  has  a  bluish-gray  colour,  and  when  recently  cut,  a 
strong  metallic  lustre ;  but  it  soon  tarnishes  by  exposure  to 
the  air,  acquiring  a  superficial  coating  of  carbonate  of  lead. 
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Soda  is  set  free  duriiig  this  process,  and  is  converted  iDto  a 
carbonate  by  absorbing  carbonic  acid  from  the  atmosphere. 

Iodide  of  Lead  is  easily  formed  by  mixing  a  solution  of 
hydriodic  acid  or  hydriodate  of  potash  with  acetate  or  nitrate 
of  lead  dissolved  in  water ;  and  it  is  of  a  rich  yellow  colour. 
It  is  dissolved  by  boiling  water,  forming  a  colourless  solution, 
and  is  deposited  on  cooling  in  yellow  crystalline  scales  of  a 
brilliant  lustre.  It  is  composed  of  one  equivalent  of  iodine 
and  one  equivalent  of  lead. 

Sulphuret  of  Lead  may  be  made  artificially,  either  by 
heating  together  lead  and  sulphur,  or  by  the  action  of  sul- 
phuretted hydrogen  on  a  salt  of  lead.  It  is  an  abundant  na- 
tural product,  well  known  by  the  name  of  galena.  It  consists 
of  one  equivalent  of  lead  and  one  equivalent  of  sulphur. 

Phosphuret  of  Lead  has  been  little  examined.  It  may  be 
formed  by  heating  phosphate  of  lead  with  charcoal,  by  mixing 
a  solution  of  phosphorus  in  alcohol  or  ether  with  a  solution 
of  a  salt  of  lead,  or  by  the  action  of  phosphuretted  hydrogen 
on  a  similar  solution. 

Carburet  of  Lead  may  be  obtained  by  reducing  oxide  of 
lead  in  a  state  of  fine  division  and  intimate  admixture  with 
charcoal.  It  is  also  generated  when  salts  of  lead,  which  con- 
tain a  vegetable  acid,  are  decomposed  by  heat  in  close  vessels. 
(Berzelius.) 


CLASS    11. 
ORDER  III. 

METALS,  THE  OXIDES  OF  WHICH  ARE  REDUCED  TO  THE 
METALLIC  STATE  BY  A  RED  HEAT. 

SECTION  XXIV. 

MERCURY    OR    QUICKSILYER. 

Mercury  is  found  in  the  native  state,  but  it  occurs  more 
commonly  in  combination  with  sulphur  as  cinnabar.  From 
this  ore  the  mercury  of  commerce  may  be  extracted  by  heat* 
ing  it  with  lime  or  iron  filings,  by  which  means  the  mercury 
is  volatilized  and  the  sulphur  retained.  As  prepared  on  a 
large  scale  it  is  usually  mixed  in  small  quantity  with  other 


Protoxide. — This  oxide  is  prepared  on  a  large  scale  by  col- 
lecting the  gray  film  which  forms  on  the  surface  of  melted  lead, 
and  exposing  it  to  heat  and  air  until  it  acquires  a  uniform 
yellow  colour.  In  this  state  it  is  the  massicot  of  commerce ; 
and  when  partially  fused  by  heat,  the  term  /t'Margeis  applied  to 
it.  As  thus  procured  it  is  always  mixed  with  the  sesquioxide. 
It  may  be  obtained  pure  by  adding  ammonia  to  a  cold  solu- 
tion of  nitrate  of  lead  until  it  is  faintly  alkaline,  washing  the 
precipitated  subnitrate  with  cold  water,  and  when  dry,  heating 
it  to  moderate  redness  for  an  hour  in  a  platinum  crucible. 
An  open  fire  should  be  used,  and  great  care  taken  to  prevent 
combustible  matter  in  any  form  from  contact  with  the  oxide. 

Protoxide  of  lead  is  red  while  hot,  but  has  a  rich  lemon- 
yellow  colour  when  cold,  is  insoluble  in  water,  fuses  at  a  bright 
red  heat,and  ia  fixed  and  unchangeable  in  the  fire.  Its  densityis 
9'^14.  The  fused  protoxide  has  a  highly  foliated  texture, 
and  is.  very  touf^,  so  as  to  be  pulverized  with  difficulty.  By 
transmitted  light  it  is  yellow  ;  but  by  reflected  light  it  ap- 
pears green  in  some  parts  and  yellow  in  others.  Heated 
with  combustible  matters  the  protoxide  parts  with  oxygen, 
and  is  reduced.  From  its  insolubility  it  does  not  change  the 
vegetable  colours  under  cummon  circumslances ;  but  when 
rendered  soluble  by  a  small  quantity  of  acetic  acid,  it  has  a 
distinct  alkaline  reaction.  It  unites  with  acids,  and  is  the  base 
of  all  the  salts  of  lead,  most  of  which  are  of  a  white  colour. 
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Mercury.  Oxygen.  Formulc. 

Protoxide         200  or  1  eq.     -f     8  or  1  eq.     =     208       .       Hg-fO  or  Hg, 
Feioxide  200  or  1  eq.    +  16  or  2  eq.    =    216      .      Hg-f-20  or  Hg. 

Protoxide. — This  oxide,  which  is  a  black  powder,  insoluble 
in  water,  is  best  prepared  by  the  process  recommended  by 
Donovan.  This  consists  in  mixing  calomel  briskly  in  a  mor- 
tar with  pure  potash  in  excess,  so  as  to  effect  its  decomposi- 
tion as  rapidly  as  possible :  the  protoxide  is  then  washed  with 
cold  water,  and  dried  spontaneously  in  a  dark  place.  These 
precautions  are  rendered  necessary  by  the  tendency  of  the 
protoxide  to  resolve  itself  into  the  peroxide  and  metallic  mer- 
cury, a  change  which  Is  easily  effected  by  heat,  by  the  direct 
solar  rays,  and  even  b}'  daylight.  It  is  on  this  account  very 
difficult  to  procure  protoxide  of  mercury  in  a  state  of  abso- 
lute purity. 

This  oxide  is  precipitated  from  its  salts,  of  which  the 
nitrate  is  the  most  interesting,  as  the  black  protoxide  by 
pure  alkalies;  as  a  white  carbonate,  which  soon  becomes 
dark  from  the  loss  of  carbonic  acid,  by  alkaline  carbonates ; 
as  calomel  by  muriatic  acid  or  any  soluble  muriate ;  and  as 
the  black  protosulphuret  by  sulphuretted  hydrogen.  Of 
these  tests,  the  action  of  muriatic  acid  is  the  most  character- 
istic. The  oxide  is  reduced  to  the  metallic  state  by  copper, 
phosphorous  acid,  or  protomuriate  of  tin. 

Peroxide, — This  oxide  may  be  formed  either  by  the  com- 
bined agency  of  heat  and  air,  as  already  mentioned,  or  by  dis- 
solving mercury  in  nitric  acid,  and  exposing  the  nitrate  so 
formed  to  a  temperature  just  sufficient  for  expelling  the  whole 
of  the  nitric  acid.  It  is  commonly  known  by  the  name  of  red 
precipitate.  The  peroxide  prepared  from  the  nitrate  almost 
always  contains  a  trace  of  nitric  acid,  which  may  be  detected 
by  heating  it  in  a  clean  glass  tube  by  means  of  a  spirit  lamp : 
a  yellow  ring,  formed  of  subnitrate  of  mercury,  collects 
within  the  tube  just  above  the  part  which  is  heated.  (Mr. 
Clarke.) 

Peroxide  of  mercury,  thus  prepared,  is  commonly  in  the 
form  of  shining  crystalline  scales  of  a  nearly  black  colour 
while  hot,  but  red  when  cold :  when  very  finely  levigated,  the 
peroxide  has  an  orange  colour.  It  is  soluble  to  a  small  ex- 
tent in  water,  forming  a  solution  which  has  an  acrid  metallic 
taste,  and  communicates  a  green  colour  to  the  blue  infusion 


a  salt  OHnpoBed  of  the  oxide  and  peroxide,  Pb+Fb.  This 
view  receives  support  from  some  recent  observations  of  Du- 
mas,  who  has  thrown  great  doubt  on  the  composition  of  mini- 
um above  stated  on  the  authority  of  Berzelius :  the  most 
highly  oxidized  red  lead  he  could  make  or  purchase  contain- 
ed only  4  equivalents  of  oxygen  to  3  of  lead.  For  an  oxide 
such  a  constitution  is  most  unusual,  and  therefore  it  may  with 
propriety  be  considered  as  a  compound  of  two  equivalents 
of  the  protoxide  and  one  of  the  peroxide  of  lead,  as  represented 
by  the  formuU  2Pb+Pb.     (An.  de  Ch.  et  Ph.  xHx.  398.) 

Peroxide. — This  oxide  may  be  obtained  by  the  action  of 
nitric  acid  on  minium,  as  just  mentioned;  by  fusing  protox- 
ide of  lead  with  chlorate  of  potash,  at  a  temperature  ihort  of 
redness,  and  removing  the  chloride  of  potassium  by  solution 
in  water;  and  by  transmitting  a  current  of  chlorine  gas 
through  a  solution  of  acetate  of  lead.  In  the  last  case,  chlo- 
rine, water,  and  protoxide  of  lead  act  on  each  other  in  the 
ratio  of  their  equivalents,  CI,  H,  and  Pb,  and  give  rise  to  mu- 
riatic acid  and  peroxide  of  lead,  represented  by  H+CI,  and 
Pb.     The  peroxide,  being  insoluble  in  acetic  acid,  subsides. 

Peroxide  of  lead  is  of  a  puce  colour,  and  does  not  unite 
with  acids.  It  is  resolved  by  a  red  heat  into  the  protoxide 
and  oxygen  gas. 

Chloride  of  Lead. — This  compound,  Pb  +  CI,  aometimea 
called  horn  lead  or  plumbum  corneum,  is  slowly  formed  by 


Bisttlphate  of  Mercury- 1  eq. 
Salphuric  acid    .       80  or  2  eq.    •  2S. 
Peroxide  of  Mer.      216  or  1  eq.    .  Hg. 


296 


Hg+2S. 


Chloride  of  Sodium  2  eq. 
Chlorine     .    70*6  or  2  eq.     .    201. 
Sodium       .     46*6  or  2  eq.    .    2So. 


117-2 


2(So+a) 


And  by  mutual  interchange  of  elements  they  produce 


Bichloride  of  Mercury  1  eq. 
Mercury  .    •     200     or  1  eq.     .     Hg. 
Chlorine       .       70-6  or  2  eq.     .  2C1. 


270-6 


Hg-|-2C1. 


Sulphate  of  Soda  2  eq. 
Soda     .     .    62  6  or  2  eq.     .    2^ 
Sulphuric  ac.  80     or2eq.     .    2S.' 


142-6 


2(So+S). 


The  products  have  exactly  the  same  weight  (270*6+142*6= 
413-2)  as  the  compounds  (296+117*2=413-2)  from  which 
they  were  prepared. 

Bichloride  of  mercury,  when  obtained  by  sublimation,  is  a 
semi-transparent  colourless  substance,  of  a  crystalline  texture. 
It  has  an  acrid,  burning  taste,  and  leaves  a  nauseous  metallic 
flavour  on  the  tongue.  Its  specific  gravity  is  5-2.  When  ex- 
posed to  a  heat  short  of  incandescence,  it  is  fused,  enters  into 
ebullition  from  the  rapid  formation  of  vapour,  and  is  de- 
posited without  further  change  on  cool  surfaces  as  a  white 
crystalline  sublimate.  It  requires  twenty  times  its  weight  of 
cold,  and  only  twice  its  weight  of  boiling  water  for  solution, 
and  is  deposited  from  the  latter,  as  it  cools,  in  the  form 
of  prismatic  crystals.  Strong  alcohol  and  ether  dissolve  it  in 
the  same  proportion  as  boiling  water;  and  it  is  soluble  io 
half  its  weight  of  concentrated  muriatic  acid  at  the  tempera- 
ture of  70°  Fahr.  With  the  muriates  of  ammonia,  potash, 
soda,  and  several  other  bases,  it  enters  into  combination, 
forming  double  salts,  which  are  more  soluble  than  the  chlo- 
ride itself.  When  its  solution  in  water  is  agitated  with  ether, 
the  latter  abstracts  the  bichloride,  and  rises  with  it  to  the 
surface  of  the  former,  thus  affording  strong  evidence  of  the 
bichloride  having  existed  as  such  in  the  water.  Its  aqueous 
solution  is  gradually  decomposed  by  light,  calomel  bdng 
deposited. 

The  presence  of  mercury  in  a  fluid  supposed  to  contaia 
corrosive  sublimate  may  be  detected  by  concentrating  and 
digesting  it  with  an  excess  of  pure  potash.  Oxide  of  mer- 
cury, which  subsides,  is  then  sublimed  in  a  small  glass  tube 
by  means  of  a  spirit-lamp,  and  obtained  in  the  form  of  me- 
tallic globules.     But  in  crises  of  poisoning,  when  the  bichlo- 


metals,  from  which  it  may  be  purified  by  cautious  distil- 
lation. 

Mratury  is  distinguished  from  all  other  metals  by  being 
fluid  at  common  temperatures.  It  has  a  tin-white  colour  and 
strong  metallic  lustre.  It  becomes  solid  at  a  temperature 
which  is  39  or  40  degrees  below  Zero ;  and  in  congealing, 
it  evinces  a  strong  tendency  to  crytitallize  in  octohedrons.  It 
contracts  greatly  at  the  moment  of  congelation  ;  for  while  ita 
density  at  47°  F.  is  13-545,  the  specific  gravity  of  frozen 
mercury  is  15'612.  When  solid  it  is  malleable,  and  may  be 
cut  with  a  knife.  At  662°  F.,  or  near  that  degree,  it  enters 
into  ebullition,  and  condenses  again  on  cool  surfaces  into  me- 
tallic globules. 

Mercury,  if  quite  pure,  is  not  tarnished  in  the  cold  by  ex- 
posure to  air  and  moisture ;  but  if  it  contain  other  melald,  the 
amalgam  of  those  metals  oxidizes  readily,  and  collects  as  a 
film  upon  its  surface.  Mercury  is  said  to  be  oxidized  by  long 
agitation  in  a  bottle  half  full  of  air,  and  the  oxide  so  formed 
was  called  by  Boerhaave  Ethiops  per  se :  but  it  is  very  pro> 
bable  that  the  oxidation  of  mercury  observed  under  these  cir- 
cumstances was  solely  owing  to  the  presence  of  other  metals. 
When  mercury  is  exposed  to  air  or  oxygen  gas,  while  in  the 
form  of  vapour,  it  slowly  absorbs  oxygen,  and  is  converted 
into  peroxide  of  mercury. 

The  only  acids  that  act  on  mercury  are  the  sulphuric  and 
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precipitation,  by  mixing  muriatic  acid  or  any  soluble  muriate 
with  a  solution  of  protonitrate  of  mercury.  It  is  more  com* 
monly  prepared  by  sublimation.  This  is  conveniently  done 
by  mixing  270*6  parts  or  one  equivalent  of  the  bichloride 
with  200  parts  or  one  equivalent  of  mercury,  until  the  metal* 
lie  globules  entirely  disappear,  and  then  subliming.  When 
first  prepared  it  is  always  mixed  with  some  corrosive  subli- 
mate, and  therefore  should  be  reduced  to  powder  and  well 
washed  before  being  employed  for  chemical  or  medical  pur* 
poses. 

Protochloride  of  mercury  is  a  rare  mineral  production, 
called  horn  quicksilverf  which  occurs  crystallized  in  quadran- 
gular prisms,  terminated  by  pyramids.  When  obtained  by 
sublimation  it  is  in  semi-transparent  crystalline  cakes;  but 
as  formed  by  precipitation,  it  is  a  white  powder.  Its  denaty 
is  7*2.  At  a  temperature  below  redness  it  sublimes  without 
fusing  or  undergoing  any  other  change ;  but  its  subliming 
point  is  rather  higher  than  that  of  corrosive  sublimate.  It  ia 
distinguished  from  the  bichloride  by  not  being  poisonous,  by 
having  no  taste,  and  by  being  exceedingly  insoluble  in  water. 
Acids  have  little  effect  upon  it ;  but  pure  alkalies  decompose 
it,  separating  the  black  protoxide  of  mercury  and  uniting 
with  muriatic  acid,— products  which  necessarily  imply  de- 
composition of  water.  When  calomel  is  boiled  in  a  solution 
of  muriate  of  ammonia,  it  is  converted  into  corrosive  subli* 
mate  and  metallic  mercury.  Muriate  of  soda  has  a  similar 
effect,  though  in  a  less  degree. 

Iodides  of  Mercury. — ^The  protiodide  is  formed  by  mixing 
a  solution  of  protonitrate  of  mercury  with  hydriodate  of  pot- 
ash ;  and  the  biniodide  by  the  action  of  the  same  hydriodate 
on  any  persalt  of  mercury.  The  former  is  yellow,  and  is 
composed  of  one  equivalent  of  iodine  and  one  equivalent  of 
mercury.  The  other  is  of  an  exceedingly  rich  red  colour, 
and  may  be  used  with  advantage  in  painting.  It  contains 
twice  as  much  iodine  as  the  yellow  iodide.  Both  these  com- 
pounds are  insoluble  in  pure  water,  but  are  dissolved  by  a 
solution  of  hydriodate  of  potash. 

The  biniodide,  when  exposed  to  a  moderate  heat,  gradually 
becomes  yellow;  and  the  particles,  though  previously  in 
powder,  acquire  a  crystalline  appearance.  At  about  400^  F. 
it  forms  a  yellow  fluid,  which  slowly  sublimes  in  small  tnma- 


of  Ticdeta.  When  heated  to  redness,  it  is  converted  into  me- 
tallic mercury  and  oxygen.  Long  exposure  to  light  has  a 
similar  effect.     (Guibourt.) 

Some  of  the  neutral  salts  of  this  oxide,  such  as  the  nitrate 
and  sulphate,  are  CMiverted  by  water,  especially  at  a  boiling 
temperature,  into  inatduble  yellow  subsalts,  and  into  soluble 
colourless  persalts.  The  oxide  is  separated  from  all  adds  as 
a  red,  or  when  hydratic  as  a  yellow  precipitate,  by  the  pure 
and  carbonated  fixed  alkalies.  Ammonia  and  its  carbonate 
cause  a  white  predptlate,  which  is  a  double  salt,  consisting  of 
one  equival«it'of  the  add,  one  equivalent  of  the  peroxide, 
and  one  equivalent  of  ammonia.  The  oxide  is  readily  reduced 
to  the  metallic  state  by  metallic  copper.  Sulphuretted  hy- 
drt^en,  phosphorouB  add,  and  protomuriate  of  tin,  reduce 
the  peroxide  into  the  protoxide  ;  and  when  added  in  larger 
quantity,  the  first  throws  down  a  black  sulphuret,  and  the 
two  latter  metallic  mercury.  The  action  of  sulphuretted  hy. 
drc^en  on  a  solution  of  corrodve  sublimate  is,  however,  pe- 
culiar; for  at  first  it  occasions  a  white  predpitate  which, 
according  to  Rose,  is  a  compound  of  two  equivalents  of  hi- 
sulphuret  to  one  of  bichloride  of  mercury.  This  gas  acts  on 
Inbromide  and  biniodlde  of  mercury  in  a  similar  manner. 
(An.  de  Ch.  et  Ph.  xl.  46.) 

CHLORIDES    OF   MERCURY. 
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with  about  six  times  its  weight  of  mercury,  and  subliming  in 
close  vessels.  When  procured  by  this  process  it  has  a  red 
colour,  and  is  known  by  the  name  of  factitious  cinnabar.  Its 
tint  is  greatly  improved  by  being  reduced  to  powder,  in 
which  state  it  forms  the  beautiful  pigment  vermilion.  It  may 
be  obtained  in  the  moist  way  by  pouring  a  solution  of  oorro- 
sive  sublimate  into  an  excess  of  hydrosulphuret  of  ammonia. 
A  black  precipitate  subsides,  which  acquires  the  usual  red 
colour  of  cinnabar  when  sublimed.  The  black  precipitate, 
formed  by  the  action  of  sulphuretted  hydrogen  on  bicyanuret 
of  mercury,  is  likewise  a  bisulphuret.  Cinnabar,  as  already 
mentioned,  occurs  native. 

When  equal  parts  of  sulphur  and  mercury  are  triturated 
together  until  metallic  globules  cease  to  be  visible,  the  dark 
coloured  mass  called  Ethiops  mineral  results,  which  Mr. 
Brande  has  proved  to  be  a  mixture  of  sulphur  and  bisulphuret 
of  mercury.     (Journal  of  Science,  vol.  xviii.  p.  294.) 

Cinnabar  is  not  attacked  by  alkalies,  or  any  simple  add; 
but  it  is  dissolved  by  the  nitro-muriatic,  with  formation  of 
sulphuric  acid  and  peroxide  of  mercury.  M.  Guibourt  has 
shown  that  it  is  composed  of  one  equivalent  of  mercury  and 
two  equivalents  of  sulphur.* 

SECTION  XXV. 

SILVER. 

This  metal  frequently  occurs  native  in  silver  mines,  both 
massive  and  in  octohedral  or  cubic  crystals.  It  is  also  found 
in  combination  with  several  other  metals,  such  as  gold,  anti* 
mony,  copper,  and  arsenic,  and  with  sulphur.  In  the  state  of 
sulphuret  it  so  frequently  accompanies  galena,  that  the  lead  of 
commerce  is  rarely  quite  free  from  traces  of  silver. 

Silver  is  extracted  from  its  ores  by  two  processes  which  are 
essentially  distinct ;  one  of  them  being  contrived  to  separate 
it  from  lead,  the  other,  the  process  by  amalgamation^  being 
especially  adapted  to  those  ores  which  are  free  from  lead. 
The  principle  of  its  separation  from  lead  is  founded  on  the 
different  oxidability  of  lead  and  silver,  and  on  the  ready  fusi- 
bility of  litharge.  The  lead  obtained  from  those  khids  of 
galena  which  are  rich  in  sulphuret  of  silver  is  kept  at  a  red 

*  An.  de  Cli.  et  de  Ph.  vol.  i.    See  also  some  very  judicious  obaenrations  oa  the 
paper  of  M.  Guibourt  by  Mr.  Brande,  in  thf  JournaJ  of  Science,  zTiii.291. 


i 


ride  is  mixed  with  organic  substances.  Dr.  Cbristison  recom- 
mends that  the  liquid,  without  previous  filtration,  be  agitated 
with  a  fourth  of  its  volume  of  ether,  which  separates  the  poi- 
son from  the  aqueous  part,  and  rises  to  the  surface.  The 
ethereal  solution  is  then  evaporated  on  a  watch-glass,  the 
residue  dissolved  in  hot  water,  and  the  mercury  precipitated 
in  the  metallic  state  by  protomuriate  of  tin  at  a  boiling  tem- 
perature. If,  as  is  probable,  most  of  the  poison  is  ^eady 
converted  into  calomel,  and  thereby  rendered  insoluble,  as 
many  vegetable  fibres  should  be  picked  out  as  possible,  and 
the  whole  at  once  digested  with  protomuriate  of  tin.  The 
oiganic  substances  are  then  dissolved  in  a  hot  solution  of 
caustic  potash,  and  the  insoluble  parts  washed  and  sublimed 
to  separate  the  mercury.     (Cbristison  on  Poisons.) 

A  very  elegant  method  of  detecting  the  presence  of  mercury 
is  to  place  a  drop  of  the  suspected  liquid  on  polished  gold, 
and  to  touch  the  moistened  surface  with  a  piece  of  iron  wire 
or  the  point  of  a  penknife,  when  the  part  touched  instantly 
becomes  white,  owing  to  the  formation  of  an  amalgam  of 
gold.  This  process  was  originally  suggested  by  Mr.  Sylves- 
ter, and  has  since  been  simplified  by  Dr.  Paris.  (Medical 
Jurisprudence,  by  Paris  and  Fonblanque.) 

Many  animal  and  vegetable  solutions  convert  bichloride  <^ 
mercury  into  calomel,  a  portion  of  muriatic  acid  being  set 
free  at  the  same  time.     Some  substances  effect  this  change 
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place  from  the  evolution  of  carbonic  acid  and  oxygen  gases, 
chloride  of  potassium  is  generated,  and  metallic  silver  sub- 
sides to  the  bottom.  The  pure  metal  may  be  granulated  by 
pouring  it  while  fused  from  a  height  of  seven  or  eight  feet 
into  a  vessel  of  water. 

Silver  has  the  clearest  white  colour  of  all  the  metals,  and 
is  susceptible  of  receiving  a  lustre  surpassed  only  by  polished 
steel.  In  malleability  and  ductility  it  is  inferior  only  to  gold, 
and  its  tenacity  is  considerable.  It  is  very  soft  when  pure, 
so  that  it  may  be  cut  with  a  knife.  Its  density  after  being 
hammered  is  lO'Sl.  At  a  full  red  heat,  corresponding  to 
1873^  F.  according  to  Mr.  Daniell,  it  enters  into  fusion. 

Pure  silver  does  not  rust  by  exposure 'to  air  and  moisture. 
When  fused  in  open  vessels  it  absorbs  oxygen  in  considerable 
quantity,  amounting  sometimes  to  22  times  its  volume ;  but 
it  parts  with  the  whole  of  it  in  the  act  of  becoming  solid. 
This  fact,  first  noticed  by  M.  Lucas,  has  been  lately  studied 
by  Oay-Lussac,  who  attributes  to  it  the  peculiarly  beautiful 
aspect  of  granulated  silver :  he  observed  the  absorption  and 
subsequent  evolution  of  oxygen  to  be  most  abundant  in  the 
purest  silver,  and  is  entirely  prevented  by  a  very  small  per 
centage  of  copper.  If  silver  is  heated  to  redness,  without 
fusing,  in  contact  with  glass  or  porcelain,  it  readily  absorbs 
oxygen,  and  the  oxide  fuses  with  the  earthy  matters,  forming 
a  yellow  enamel.  When  silver  in  the  form  of  leaves  or  fine 
wire  is  intensely  heated  by  means  of  electricity,  galvanism^ 
or  the  oxy-hydrogen  blow-pipe,  it  bums  with  vivid  scintillar- 
tions  of  a  greenish  white  colour. 

The  only  pure  acids  that  act  on  silver  are  the  sulphuric 
and  nitric  adds,  by  both  of  which  it  is  oxidized,  forming  with 
the  first  a  sulphate,  and  with  the  second  a  nitrate  of  silver. 
It  is  not  attacked  by  sulphuric  acid  unless  by  the  aid  of  heat. 
Nitric  acid  is  its  proper  solvent,  and  forms  with  it  a  salt, 
which,  in  its  fused  state,  is  known  by  the  name  of  lunar 
caustic. 

Oxide  of  Silver. — This  oxide  is  best  procured  by  mixing  a 
solution  of  pure  baryta  with  nitrate  of  silver  dissolved  in 
water.  It  is  of  a  brown  colour,  insoluble  in  water,  and  is 
completely  reduced  by  a  red  heat  It  is  composed  of  108 
parts  of  silver  and  8  parts  of  oxygen ;  and,  therefore,  r^ard- 
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parent  scales,  or  in  large  rhombic  tables  when  in  quantity. 
The  crystals  remain  unchanged  in  the  air ;  but  they  quickly 
become  red  when  rubbed  or  touched. 

Bicyatmret  of  Mercury. — This  compound  is  best  prepared 
by  boiling,  in  any  convenient  quantity  of  water,  eight  parts 
of  finely  levigated  ferrocyanate  of  peroxide  of  iron,  quite 
pure  and  well  dried  on  a  sand-bath,  with  eleven  parts  of  per- 
oxide of  mercury  in  powder,  until  the  blue  colour  of  the  fer- 
rocyanate entirely  disappears.  A  colourless  solution  is  form- 
ed, which,  when  filtered  and  concentrated  by  evaporation, 
yields  crystals  of  hicyanuret  of  mercury  in  the  form  of  qu^ 
drangular  prisms.  In  this  process,  the  oxygen  of  the  oxide 
of  mercury  unites  with  the  iron  and  hydrogen  of  the  ferrocy- 
anic  acid ;  while  the  metallic  mercury  enters  into  combina- 
tion with  the  cyanogen.  The  brown  insoluble  matter  is  per- 
oxide of  iron.  Pure  ferrocyanate  of  iron  is  easily  procured 
by  digesting  common  Prussian  blue  of  commerce  with  muri- 
atic acid  diluted  with  ten  parts  of  water,  so  as  to  remove  the 
subsulphate  of  iron  and  alumina  and  other  impurities  which 
it  commonly  contains,  and  then  edulcorating  the  insoluble 
ferrocyanate  till  the  free  acid  is  removed.  (Edinburgh  Jour- 
nal of  Science,  v.) 

Bicyanuret  of  mercury,  when  pure,  is  colourless  and  in- 
odorous, has  a  very  disagreeable  metallic  ta«te,  and  is  highly 
poisonous.     It  does  not  affect  the  colour  of  litmus  or  turmeric 
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of  nitrate  of  silver.  As  formed  by  precipitation  it  is  quite 
white ;  but  by  exposure  to  the  direct  solar  rays  it  becomes 
violet,  and  almost  black,  in  the  course  of  a  few  minutes ;  and 
a  similar  effect  is  slowly  produced  by  diffused  day-light. 
Muriatic  acid  is  set  free  during  this  change,  and,  according 
to  Berthollet,  the  dark  colour  is  owing  to  a  separation  of 
oxide  of  silver.     (Statique  Chimique»  vol.  i.  p.  195.) 

Chloride  of  silver,  sometimes  called  luna  cornea  or  Aorn 
silver,  is  insoluble  in  water,  and  is  dissolved  very  sparingly 
by  the  strongest  acids ;  but  it  is  soluble  in  ammonia.  Hypo- 
sulphurous  acid  likewise  dissolves  it.  At  a  temperature  of 
about  500^  F.  it  fuses,  and  forms  a  semitransparent  homy 
mass  on  cooling,  which  has  a  density  of  5*£24.  It  bears 
any  degree  of  heat,  or  even  the  combined  action  of  pure  char- 
coal and  heat,  without  decomposition  ;  but  hydrogen  gas  de- 
composes it  readily  with  formation  of  muriatic  acid.  It  con- 
sists of  an  equivalent  of  each  element,  so  that  its  formula  is 
Ag-hCl. 

Iodide  of  Silver. — This  compound  is  formed  when  hy- 
driodate  of  potash  is  mixed  with  a  solution  of  nitrate  of 
silver.  It  is  of  a  greenish  yellow  colour,  is  insoluble  in 
water  and  ammonia,  and  contains  one  equivalent  of  each  of 
its  elements. 

Cyanuret  of  Silver  is  formed  by  mixing  hydrocyanic  acid 
with  nitrate  of  silver.  It  is  a  white  curdy  substance,  similar 
in  appearance  to  chloride  of  silver,  insoluble  in  water  and 
nitric  acid,  and  soluble  in  a  solution  of  ammonia.  It  is  de- 
composed by  muriatic  acid  with  formation  of  hydrocyanic 
acid  and  chloride  of  silver.  It  consists  of  one  equivalent  of 
each  of  its  elements. 

Sulphuret  of  Silver. — Silver  has  a  strong  affinity  for  sul- 
phur. This  metal  tarnishes  rapidly  when  exposed  to  an  at- 
mosphere containing  sulphuretted  hydrogen  gas,  owing  to  the 
formation  of  a  sulphuret.  On  transmitting  a  current  of  sul- 
phuretted hydrogen  gas  through  a  solution  of  lunar  caustic, 
a  dark  brown  precipitate  subsides,  which  is  a  sulphuret  of 
silver.  The  silver  glance  of  mineralogists  is  a  similar  com- 
pound, and  the  same  sulphuret  may  be  prepared  by  heating 
thin  plates  of  silver  with  alternate  layers  of  sulphur.  This 
sulphuret  is  remarkable  for  being  soft  and  even  malleable. 
Its  formula  is  Ag+S. 


beat  in  a  flat  furnace,  with  a  draught  of  air  constantly  play- 
ing on  its  surface:  the  lead  is  thus  rapidly  oxidized;  and  as 
the  oxide,  at  the  moment  of  its  formation,  is  fused,  and  runs 
off  through  an  aperture  in  the  side  of  the  furnace,  the  pro- 
duction of  litharge  goes  on  uninterruptedly  until  all  the  lead 
is  removed.  The  hutton  of  silver  is  again  fused  in  a  smaller 
furnace,  resting  on  a  porous  earthen  dish,  made  with  lixiviated 
wood-ashes,  called  a  tett,  the  porosity  of  which  is  so  great, 
that  it  absorbs  any  remaining  portions  of  litharge,  which  may 
be  formed  on  the  silver. 

The  ores  commonly  employed  in  the  process  of  amalgama- 
tion, which  has  been  long  used  at  Freyberg  in  Saxony,  and  is 
extensively  practised  in  the  silver  and  gold  mines  of  South 
America,  are  native  silver  and  its  sulphuret.  At  Freyberg  the 
ore  in  fine  powder  is  mixed  with  sea  salt,  and  carefully  roasted 
in  a  reverberatnry  furnace.  The  production  of  sulphuric  acid 
leads  to  the  formation  of  sulphate  of  50<la,  while  the  chlorine  of 
the  sea  salt  combines  with  nilver.  The  roasted  mass  is  ground 
to  a  fine  powder,  and,  together  with  mercury,  water,  and  frag- 
ments of  iron,  is  put  into  barrels,  which  are  made  to  revolve 
by  machinery.  In  this  operation,  intended  to  insure  perfect 
contact  between  the  materials,  chloride  of  silver  is  decomposed 
by  the  iron,  the  silver  unites  with  the  mercury,  and  the  chlo- 
ride of  iron  is  dissolved  by  the  water.  The  mercury  is  then 
squeezed  through  leathern  bags,  through  the  pores  of  which 
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change,  nor  is  it  oxidized  by  h&xhg  kept  in  a  state  of  fiuioo 
in  open  vessds.  When  intensely  ignited  by  jneans  of  elec- 
tricity or  the  oxy-hydrogen  blow-pipe,  it  burns  with  a  green- 
ish-blue flame,  and  is  dissipated  in  the  form  of  a  purple 
powder,  which  is  supposed  to  be  an  oxide. 

Gold  is  not  oxidized  or  dissolved  by  any  of  the  pure  acids ; 
for  it  may  be  boiled  even  in  nitric  acid  without  undergoing 
any  change.  Its  only  solvents  are  chlorine  and  nitro-muriatic 
add ;  and  it  appears  from  the  observations  of  Sir  H.  Davy 
that  chlorine  is  the  agent  in  both  cases,  since  nitro-muriatic 
add  does  not  dissolve  gold,  except  when  it  gives  rise  to  the 
formation  of  chlorine.  (Page  261.)  It  is  to  be  inferred^ 
therefore,  that  the  chlorine  unites  directly  with  the  gold ; 
and  a  strong  reason  has  already  been  adduced  for  considering 
the  chloride  to  dissolve  as  such  in  water,  and  not  to  be  con- 
verted into  a  muriate  of  the  oxide  of  gold.     (Page  442.) 

The  most  convenient  method  of  forming  a  solution  of  gold 
is  to  digest  fragments  of  the  metal  in  a  mixture  composed  of 
two  measures  of  muriatic  and  one  of  nitric  acid,  until  the  add 
is  saturated.  The  excess  of  acid  is  then  expelled  by  evapora- 
ting the  orange-coloured  solution  until  a  ruby-red  liquid  re- 
mains, which  is  the  neutral  terchloride  of  gold.  On  adding 
water,  the  chloride  is  dissolved,  forming  a  neutral  solution  of 
a  gold  yellow  colour. 

Oxides  of  Gold. — The  chemical  history  of  the  oxides  of 
gold  is  as  yet  very  imperfect.  Beredius  is  of  opinion  that 
there  are  three  oxides.  His  protoxide  is  obtained  by  decom- 
posing the  protochloride  of  gold  by  a  solution  of  pure  potasb, 
and  is  of  a  dark  green  colour.  The  binoxide  or  purple  oxide 
is  the  product  of  the  combustion  of  gold.  The  composition 
of  these  oxides  has  not  yet  been  satisfactorily  determined,  and 
the  very  existence  of  the  first,  though  probable,  may  be 
questioned.  The  only  well-known  oxide  is  that  which  some 
suppose  to  exist  in  the  solution  of  gold  combined  with  muri- 
atic acid,  and  which  may  be  predpitated  from  it  by  alkalies, 
though  it  is  obtained  in  a  pure  state  with  difficulty.  When, 
for  example,  a  concentrated  neutral  solution  of  gold  is  mixed 
with  a  quantity  of  pure  potash  exactly  suffident  for  decom- 
position, a  reddish  yellow  precipitate  subsides,  which  is  the 
hydrated  peroxide,  combined  more<or  less  with  the  alkali. 
Pelletier  recommends  that  it  should  be  formed  by  digesting 
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iDg  it  as  the  real  protoxide,  108  is  the  equivaleot  of  eUrer. 
The  foTDiuU  of  the  oxide  is  Ag+0,  or  Ag. 

Oxide  of  silver  is  separated  from  its  B<Jutioa  in  nitric  acid 
by  pure  alkalies  and  alkaline  earths  as  the  brown  oxide,  which 
is  redisBolved  by  ammonia  in  excess ;  by  alkaline  carbonates 
a»  a  white  carbonate,  which  is  soluble  in  an  excess  of  carbo- 
nate  of  ammonia ;  as  a  dark  brown  sulpburet  by  sulphuretted 
hydrogen ;  and  as  a  white  curdy  chloride  of  silver,  which  is 
turned  violet  by  light,  and  is  very  soluble  in  ammonia,  by 
muriatic  acid  or  any  soluble  muriate.  By  the  last  character, 
silver  may  be  both  distinguished  and  separated  from  other 
metallic  bodies. 

Silver  is  precijntated  in  the  metallic  state  by  most  other 
metals.  When  mercury  is  employed  for  this  purpose,  the 
silver  assumes  a  beautiful  arborescent  appearance,  called  ar- 
bor Diana.  A  very  good  proportion  for  the  experiment  is 
twenty  grains  of  lunar  caustic  to  six  drachms  or  an  ounce  of 
water.     The  nlver  thus  deposited  always  contains  mercury. 

When  oxide  of  silver,  recently  precipitated  by  baryta  or 
lime-water,  and  separated  from  adhering  moisture  by  bibu- 
lous paper,  is  left  in  contact  for  ten  or  twelve  hours  with 
a  strong  solution  of  ammonia,  the  greater  part  of  it  is  dis- 
solved ;  but  a  black  powder  remains  which  detonates  violently 
from  heat  or  percussion.  This  substance,  which  was  dis- 
covered by  Berthollet,  (An.  de  Chimie,  vol.  i.)  appears  to  be 
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cated  by  the  formula  (Au-f  N)  +  (3H+N)-h3H,  being  a  by- 
drated  nituret  of  gold  united  with  ammonia ;  but  it  appears 
more  simple  to  consider  it  as  a  di-aurate  of  ammonia,  ex- 
pressed by  the  formula  2  (3HVN)+Au.  Its  detonation 
should  give  rise  to  metallic  gold,  water,  nitrogen,  and  am- 
monia. A  similar  compound  is  obtained,  and  this  is  the 
ordinary  mode  of  procuring  fulminating  gold,  by  digesting 
terchloride  of  gold  with  an  excess  of  ammonia :  a  yellow 
precipitate  subsides,  the  fulminating  ingredient  of  which 
appears  identical  with  that  above  described ;  but  a  sub-chlo- 
ride of  gold  and  ammonia  falls  at  the  same  time,  and  adheres 
so  obstinately  that  it  cannot  be  wholly  removed  by  boiling 
water.  Fulminating  gold  may  be  dried  at  212°  F.;  but 
friction,  or  a  heat  suddenly  raised  to  about  290°  or  upwards, 
produces  a  violent  detonation.  It  is  best  to  make  it  in  small 
quantities  at  a  time,  and  to  dry  it  in  the  open  air.  (An.  de 
Ch.  et  Ph.  xliv.  167.) 

According  to  the  experiments  of  Berzelius*,  which  are  con- 
firmed by  those  of  Javal-f-  and  Thomson,  100  parts  of  gold 
unite  with  12*077  to  constitute  the  peroxide;  and  if  this 
oxide  be  regarded  as  consisting  of  three  equivalents  of  oxygen 
and  one  of  metal,  200  will  be  the  equivalent  of  gold,  and  224i 
that  of  its  peroxide.  It  is  therefore  a  teroxide,  and  its  for- 
mula  is  Au+30,  or  Au. 

Chlorides  of  Gold. — On  concentrating  the  solution  of  gold 
to  a  sufficient  extent  by  evaporation,  the  terchloride,  Au-f- 
3C1,  may  be  obtained  in  ruby-red  prismatic  crystals,  which 
are  very  fusible.  It  deliquesces  on  exposure  to  the  air,  and 
is  dissolved  readily  by  water  without  residue.  It  begins  to 
lose  chlorine  at  a  temperature  of  about  400°  F.,  being  changed 
into  a  brown  dry  mass,  which  is  a  mixture  of  the  protochlo- 
ride  and  terchloride,  soluble  in  water.  At  about  600°  F.  the 
terchloride  is  completely  resolved  into  the  yellow  insoluble  pro* 
tochloride,  which  by  boiling  in  water  is  changed  into  metallic 
gold  and  the  soluble  terchloride.     At  a  red  heat  the  proto- 

chloride  loses  its  chlorine  altogether,  and  metallic  gold  re- 
mains. 

The  composition  of  the  chlorides  of  gold  has  been  ascer- 
tained by  Berzelius,  and  Mr.  W.  Johnston  has  lately  con- 
firmed the  accuracy  of  his  observations.     (Brewster^s  Jour- 

•  An.  de  Ch.  Xxxxm.  f  An.  d«  Ch.  et  Ph.  xwn. 


.^J 


^rer  iinites  also  by  the  aid  of  heat  with   phospboni*, 
forming  a  soft,  brittle,  crystalline  compound. 

SECTION  XXVI. 


Ck)LD  has  hitherto  been  found  only  in  the  metallic  stat^ 
either  pure  or  in  combination  with  other  metals.  It  occurs 
massive,  capillary,  in  grains,  and  crystallizes  in  octohedrons 
and  cubes,  or  their  allied  forms.  It  is  sometimes  found  in 
primary  mountains ;  but  more  frequently  in  alluvial  deposi- 
tions, especially  among  sand  in  the  beds  of  rivers,  having 
been  washed  by  water  out  of  disintegrated  rocks  in  which  it 
originally  existed.  There  are  few  countries  in  which  gold 
washings  have  not  formerly  existed ;  but  the  principal  supply 
of  gold  is  from  South  America,  from  the  gold  mines  of  Hun- 
gary, and  from  the  Uraban  mountains  of  Siberia,  especially 
on  the  Asiatic  side  of  the  chain,  where  separate  masses  in  sand 
have  been  found  weighing  18  or  20  pounds.  Rich  deporits 
of  gold  appear  also  to  exist  in  some  of  the  southern  provinces 
of  North  America.  Gold  is  generally  separated  from  accom- 
panying impurities  by  the  process  of  amalgamation,  similar  to 
that  described  in  the  last  section  ;  by  which  means  it  is  freed 
from  iron  and  all  associated  metals,  excepting  silver.  In 
Hungary  the  gold  is  purified  by  cupellation.     The  silver. 
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is  very  consistent  with  the  view  that  the  oxide  itself  exists  in 
solution.  But  the  phenomena  are  equally  referable  to  decom- 
position of  water,  the  hydrogen  of  which  unites  with  chlorine 
and  the  oxygen  with  the  protoxide  or  other  substance  which 
has  an  affinity  for  oxygen. 

When  protomuriate  of  tin  is  added  to  a  dilute  aqueous 
solution  of  gold,  a  purple-coloured  precipitate,  called  the 
purple  of  CassiuSy  is  thrown  down  ;  and  the  same  substance 
may  be  prepared  by  fusing  together  150  parts  of  silver,  20  of 
gold,  and  35*1  of  tin,  and  acting  on  the  alloy  with  nitric 
acid,  which  dissolves  out  the  silver  and  leaves  a  purple  resi- 
due, containing  the  tin  and  gold  which  were  employed.  To 
prevent  the  oxidation  of  the  tin  during  fusion,  the  three 
metals  should  be  projected  into  a  red-hot  black-lead  crucible, 
which  contains  a  little  melted  borax.  When  the  powder 
of  Cassius  is  fused  with  vitreous  substances,  such  as  flint 
glass,  or  a  mixture  of  silica  and  borax,  it  forms  with  them  a 
purple  enamel,  which  is  employed  in  giving  pink  colours  to 
porcelain.  The  essential  cause  of  the  colour  is  probably  a 
compound  of  the  purple  or  supposed  binoxide  of  gold  with 
earthy  matters,  similar  to  the  enamel  formed  by  glass  and 
oxide  of  silver :  the  oxide  of  tin  is  not  essential,  since  finely 
divided  metallic  gold  alone  will  give  the  same  tint  of  purple. 

The  chemical  nature  of  the  purple  of  Cassius  is  very 
obscure.  From  its  formation  by  protomuriate  of  tin  it  is 
inferred  to  contain  peroxide  of  tin  and  gold  either  in  the 
metallic  state  or  oxidized  to  a  degree  inferior  to  the  teroxide. 
According  to  Berzelius  its  sole  loss  when  heated  to  redness  is 
7*65  per  cent  of  water,  and  the  residue  has  a  brick-red  colour 
arising  from  a  mechanical  mixture  of  metallic  gold  and  per- 
oxide of  tin ;  (Lehrbuch,  ii.  154)  and  this  statement  is  con- 
firmed by  Gay-Lussac.  (An.  de  Ch.  et  Ph.  xlix.  396.)  The 
proportion  of  these  products  corresponds  to  6  equivalents  of 
peroxide  of  tin,  1  of  gold,  and  6  of  water.  Nevertheless  the 
purple  of  Cassius,  as  is  indicated  both  by  its  colour  and  its 
solubility  in  ammonia,  is  not  a  mechanical  mixture  of  these 
ingredients.  Nor  can  it  well  be  regarded  as  a  chemical  com- 
pound of  gold  and  peroxide  of  tin,  since  no  definite  compound 
of  the  kind  is  known  to  chemists.  The  more  probable  sup^ 
position  is,  that  it  is  a  hydrated  double  salt,  composed  of  per- 
oxide of  tin,  as  the  acid  united  with  protoxide  of  tin  and  bin- 


a  solutioD  of  the  terchloride  with  pure  magnesia,  washing  the 
precipitate  with  wat«,  and  removing  the  excess  of  magnesia 
hy  dUute  nitric  acid.  It  is  Btill  apt,  however,  to  retain  mag- 
nesia,  and  I  am  infonned  h^  Dr.  Wagner,  of  Festh  in  Hun> 
gary,  that  the  most  certain  mode  of  procuring  the  peroxide 
is  the  following.  Dissolve  one  part  of  gold  in  the  usual 
way,  render  it  quite  neutral  hy  evaporation,  and  re^issolTe  in 
12  parts  of  water:  to  the  solution  add  1  part  of  carbonate  of 
potash  dissolved  in  twice  its  weight  of  water,  and  digest  at 
about  170°  F.  Carbonic  acid  gradually  escapes,  and  the 
hydrated  peroxide  of  a  brownish  red  colour  subsides.  After 
being  well  washed,  it  is  dissolved  in  colourless  nitric  add  c^ 
specific  gravity  1'4 ;  and  the  solution  decomposed  hy  admix- 
ture with  water.  The  hydrated  peroxide  is  thus  obtained 
quite  pure,  and  is  rendered  anhydrous  by  a  temperature  of 
212°  F. 

Peroxide  of  gold  is  yellow  in  the  state  of  hydrate,  and 
nearly  black  when  anhydrous,  is  insoluble  in  water,  and  com- 
pletely decomposed  by  solar  light  or  a  red  heat.  Muriatic 
acid  dissolves  it  readily,  yielding  the  common  solution  of 
gold  ;  but  it  forms  no  definite  compound  with  any  acid  which 
contains  oxygen.  It  may  indeed  be  dissolved  by  uilric  and 
sulphuric  acids ;  but  the  affinity  is  so  slight  that  the  oxide  is 
precipitated  by  the  addition  of  water.  It  combines,  on  the 
contrary,  with  alkaline  bases,  such  as  potash  and  baryta,  ap- 
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that  it  is  a  less  perfect  conductor  of  caloric  than  most  other 
metals. 

Platinum  undergoes  no  change  from  the  combined  agency 
of  air  and  moisture ;  and  it  may  be  exposed  to  the  strongest 
heat  of  a  smith'^s  forge  without  suffering  either  oxidation  or 
fusion.  On  heating  a  small  wire  of  it  by  means  of  galvanism 
or  the  oxy-hydrogen  blow-pipe,  it  is  fused,  and  afterwards 
bums  with  the  emission  of  sparks.  The  late  Mr.  Smitbson 
Tennant  showed  that  it  is  oxidized  when  ignited  with  nitre, 
(Philos.  Trans,  for  1797) ;  and  a  similar  effect  is  occasioned 
by  pure  potash  and  lithia. 

Platinum  is  not  attacked  by  any  of  the  pure  adds.  Its  only 
solvents  are  chlorine  and  nitro-muriatic  acid,  which  act  upon 
it  with  greater  difficulty  than  on  gold.  The  resulting  orange- 
red  coloured  liquid,  from  which  the  excess  of  acid  should  be 
expelled  by  cautious  evaporation,  is  probably  a  chloride  of 
platinum,  and  not  a  muriate  of  its  oxide.     (Page  442.) 

Oxides  of  Platinum. — ^According  to  Berzelius  there  are  two 
oxides  of  platinum,  the  oxygen  of  which  is  in  the  ratio  of  1  to 
2.  The  protoxide,  prepared  by  the  action  of  potash  on  pro- 
tochloride  of  platinum,  is  of  a  black  colour,  and  is  reduced  by 
a  red  heat.  According  to  the  experiments  of  Berzelius,  this 
oxide  consists  of  98*6  parts  or  1  equivalent  of  platinum,  and  8 
parts  of  oxygen :  its  formula  is  Pt+O,  or  Pt.  The  binoxide 
is  obtained  with  difficulty ;  for  on  attempting  to  precipitate  it 
from  the  muriate  by  means  of  an  alkali,  it  either  falls  as  a 
sub-salt,  or  is  held  altogether  in  solution.  Berzelius  recom- 
mends that  it  should  be  prepared  by  exactly  decomposing 
sulphate  of  platinum  with  nitrate  of  baryta,  and  adding  pure 
soda  to  the  filtered  solution,  so  as  to  precipitate  about  half  of 
the  oxide ;  since  otherwise,  a  sub-salt  would  subside.  The 
oxide  falls  in  the  form  of  a  bulky  hydrate,  of  a  yellowish- 
brown  colour:  it  resembles  rust  of  iron  when  dry,  and  is 
nearly  black  when  rendered  anhydrous.  Like  peroxide  of 
gold  it  is  a  very  feeble  base,  and  is  much  disposed  to  unite 
with  alkalies. 

Another  oxide  was  described  by  Mr.  E.  Davy  in  the  Philo- 
sophical Transactions  for  1820.  It  is  of  a  gray  colour,  and  is 
prepared  by  heating  fulminating  platinum  with  nitrous  acid. 

ores,  and  of  communicating  to  the  pure  metal  its  highest  degree  of  malleability. 
The  essay  receives  additional  interest  from  being  one  of  those  which  were  composed 
daring  the  last  illness  of  this  truly  illustrious  philosopher. 
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is  transmitted  through  a  solution  of  chloride  of  platinum,  a 
black  precipitate  is  thrown  down,  which  was  regarded  by 
Vauquelin  as  a  hydrosulphuret  of  oxide  of  platinum.  It  ab- 
sorbs oxygen  from  the  air  while  in  a  moist  state,  giving  rise 
to  the  formation  of  sulphuric  acid.  Its  composition  has  not 
been  determined  with  accuracy. 

A  black  sulphuret  of  platinum  was  procured  by  Mr.  £. 
Davy  by  heating  the  metal  with  sulphur,  and  Vauquelin  ob- 
tained a  similar  compound  by  igniting  the  yellow  muriate  of 
platinum  and  ammonia  with  twice  its  weight  of  sulphur. 
According  to  the  analysis  of  these  chemists,  it  contains  about 
16  per  cent  of  sulphur. 

Hydrosulphuret  of  platinum  is  converted  by  the  action 
of  nitric  acid  into  a  sulphate  which  possesses  remarkable  pro- 
perties. On  boiling  it  in  strong  alcohol,  a  black  powder  is 
precipitated,  which  consists,  according  to  Mr.  £.  Davy,  of  96 
per  cent  of  platinum,  together  with  a  little  oxygen,  nitrous 
acid,  and  carbon,  the  last  of  which  is  supposed  to  be  ac- 
cidental. When  this  powder  is  placed  on  bibulous  j)aper 
moistened  with  alcohol^  a  strong  action  accompanied  with  a 
hissing  noise  ensues,  and  the  powder  becomes  red-hot»  and 
continues  so  until  the  alcohol  is  consumed.  The  substance 
which  remains  is  pure  platinum. 

Fulminating  platinum  may  be  prepared  by  the  action  of 
ammonia  in  slight  excess  on  a  solution  of  sulphate  of  pla- 
tinum. (E.  Davy.)  It  is  analogous  to  the  detonating  com- 
pounds which  ammonia  forms  with  the  oxides  of  gold  and 
silver. 

SECTION  XXVIII. 

PALLADIUM^RHODIUM.— OSMIUM.— IRIDIUM. 

Thb  four  metals  to  be  described  in  this  section  are  all  con- 
tained  in  the  ore  of  platinum,  and  have  hitherto  been  procured 
in  very  small  quantity.  When  the  ore  is  digested  in  nitro- 
muriatic  acid,  the  platinum,  together  with  palladium,  rho- 
dium, iron,  copper,  and  lead,  is  dissolved;  while  a  Uack 
powder  is  left  consisting  of  osmium  and  iridium. 

PALLADIUM. 

This  metal  was  discovered  in  1803  by  Dr.  Wollaston, 
(Phil.  Trans.  18()4  and  1805.)     On  adding  bicyanuret   of 
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oxide  of  gold  as  bases,  in  such  proportion  that  the  oxygen  of 
the  gold  exactly  sufBces  to  convert  the  protoxide  into  peroxide 
of  tin.  A  compound  of  this  nature  is  expressed  by  the  for- 
mula, 2  (St  +  Sl)  +  (Au+St)  +  6H. 

Sulphuret  of  Gold. — On  transmitting  a  current  of  sulphur- 
etted hydrogen  gas  through  a  solution  of  gold,  a.  black  pre- 
cipitate is  formed,  which  is  a  sulphuret.  It  is  resolved  by  a 
red  heat  into  gold  and  sulphur,  and  appears  from  the  analysis 
of  Oberkampf  to  be  composed  of  200  parts  or  one  equivalent 
of  gold,  and  48  parts  or  three  equivalents  of  sulphur. 

The  compounds  of  gold  with  the  other  non-metallic  bodies 
have  been  little  examined. 

SECTION  XXVII. 
PLATINUM. 
This  valuable  metal  occurs  only  in  the  metallic  state,  asso- 
ciated or  combined  with  various  other  metals,  such  as  copper, 
iron,  lead,  titanium,  chromium,  gold,  silver,  palladium,  rho- 
dium, osmium,  and  iridium.  It  has  hitherto  been  found 
chiefly  in  Brazil,  Peru,  and  other  parts  of  South  America, 
in  the  form  of  rounded  or  flattened  grains  of  a  metallic  lustre 
and  white  colour,  mixed  with  sand  and  other  alluvial  deposi- 
tions. The  particles  rarely  occur  so  large  as  a  pea ;  but  they 
are  sometimes  larger,  and  a  specimen  brought  from  South 
America  by  Humboldt  was  rather  larger  than  a  pigeon's  egg, 
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as  much  oxygen  may  be  thrown  down  by  alkalies  from  a  so- 
lution of  the  bichloride.  It  falls  as  a  hydrate  of  a  deep  yel- 
lowish brown  colour,  which  retains  a  little  alkali  in  combina- 
tion ;  but  on  heating  the  solution  to  212^  F.,  the  alkali  is 
dissolved,  and  a  black  oxide  separates.  (An.  de  Ch.  et  Ph. 
xl.  72.) 

Berzelius  describes  two  chlorides.  The  protochloride  is 
formed  by  evaporating  the  nitro-muriatic  solution  to  dryness. 
When  crystallized  in  solution  with  chloride  of  potassium  it 
forms  a  double  chloride,  which  crystallizes  either  in  small 
needles  of  a  golden  yellow  tint,  or  in  larger  prisms  of  a 
brownish-yellow  colour.  It  is  soluble  in  water  and  alcohol ; 
but  in  distilling  the  spirituous  solution,  most  of  the  palladium 
is  reduced.     It  contains  an  equivalent  of  each  chloride. 

On  evaporating  this  double  compound  with  nitro-muriatic 
acid,  binoxide  of  nitrogen  is  disengaged,  and  microscopic 
crystals  of  a  cinnabar-red  colour  are  deposited ;  but  when 
large  enough  to  be  appreciated,  their  colour  appears  reddish- 
brown,  and  their  form  that  of  the  regular  octohedron.  They 
consist  of  one  equivalent  of  bichloride  of  palladium  and  one 
of  chloride  of  potassium.  It  is  converted  by  heat  into  the 
double  protochloride,  with  evolution  of  chlorine ;  and  water 
occasions  a  similar  change* 

RHODIUM. 

This  metal  was  discovered  by  Dr.  Wollaston  at  the  time  he 
was  occupied  with  the  discovery  of  palladium.  On  immersing 
a  thin  plate  of  clean  iron  into  the  solution  from  which  palla- 
dium and  the  greater  part  of  the  platinum  have  been  precipi- 
tated, the  rhodium,  together  with  small  quantities  of  plati- 
num, copper,  and  lead,  is  thrown  down  in  the  metallic  state ; 
and  on  digesting  the  precipitate  in  dilute  nitric  acid,  the  two 
.last  metals  are  removed.  The  rhodium  and  platinum  are 
then  dissolved  by  means  of  nitro-muriatic  acid,  and  the  solu- 
tion, after  being  mixed  with  some  muriate  of  soda,  is  evapo- 
rated to  dryness.  Two  double  chlorides  result,  that  of  pla- 
tinum and  sodium,  and  of  rhodium  and  sodium,  the  former  of 
which  is  soluble,  and  the  latter  insoluble  in  alcohol ;  and  they 
may  therefore  be  separated  from  each  other  by  this  men- 
struum. The  double  chloride  of  rhodium  is  then  dissolved 
in  water,  and  metallic  rhodium  precipitated  by  insertion  of  a 
rod  of  zinc. 
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It  appaira  from  his  analysis  to  be  composed  of  one  equivalent 
of  platinum,  and  an  equivalent  aud  a  half  of  oxygen.  Mr. 
Cooper  has  likewise  described  an  oxide  of  platinum ;  but  its 
existence  as  a  definite  compound  distinct  from  those  above  de- 
scribed has  not  been  satisfactorily  demonstrated. 

Chlorides  of  Platinum. — The  hi-chloride,  Pt  +  2  CI,  is  pro- 
cured by  evaporating  the  solution  of  platinum  in  aqua  regia 
to  dryness  at  a  gentle  heat.  It  is  deliquescent,  and  is  soluble 
in  water,  alcohol,  and  ether.  The  etiiereal  solution  is  decom- 
posed by  the  agency  of  light,  metallic  platinum  being  deposited. 

Protochlotide. — When  the  bichloride  is  heated  to  the  tem- 
perature of  melting  lead  or  a  little  higher,  it  parts  with  half 
of  its  chlorine,  and  is  converted  into  a  protochloride,  which  is 
resolved  by  a  red  heat  into  platinum  and  chlorine.  It  is 
insoluble  in  pure  water,  but  is  dissolved  by  a  solution  of  the 
bichloride. 

Platinum  is  distinguished  from  all  other  substances  by  the 
following  circumstances.  When  pure  potash  or  a  salt  of 
potash  is  added  to  a  concentrated  solution  of  platinum,  a 
yellow  crystalline  precipitate  subsides,  which  is  very  sparingly 
soluble  in  water.  When  heated  to  full  redness  chlorine  gas 
is  disengaged,  and  the  residue  consists  of  metallic  platinum 
and  chloride  of  potassium.  It  is  composed  of  one  equi- 
valent of  bichloride  of  platinum  and  one  of  chloride  of  po- 
tassium. 
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France.  The  black  powder  mentioned  at  the  beginning  of 
this  section  is  a  compound  of  iridium  and  osmium,  an  idloy 
which  Dr.  WoUaston  has  detected  in  the  form  of  flat  white 
grains  among  fragments  of  crude  platinum.  This  alloy, 
which  is  quite  insoluble  in  nitro-muriatic  acid,  is  the  source 
from  which  iridium  and  osmium  are  extracted. 

Osmium. — This  metal  is  separated  from  the  alloy  just  moi- 
tioned  by  fusion  with  soda  or  nitre ;  and  the  following  pro- 
cess, given  by  Dr.  Wollaston,  may  be  resorted  to  with  ad- 
vantage. (Phil.  Trans.  1829.  p.  8.)  The  pulverulent  alloy 
is  ground  into  a  fine  powder  with  a  third  of  its  weight  of 
nitre,  and  the  mixture  heated  to  redness  in  a  silver  crucible 
until  it  is  reduced  to  a  pasty  state,  when  the  characteristic 
odour  of  oxide  of  osmium  will  be  perceptible.  Dissolve  the 
soluble  parts,  which  contain  oxide  of  osmium  in  combination 
with  potash,  in  the  smallest  possible  quantity  of  water,  and 
acidulate  the  solution,  introduced  into  a  retort,  with  sulphuric 
acid  diluted  with  its  own  weight  of  water.  By  distilting 
rapidly  into  a  clean  receiver  as  long  as  osmic  fumes  pass  over, 
the  oxide  will  be  collected  on  its  sides  in  the  form  of  a  white 
crust ;  and,  there  melting,  it  will  run  down  in  drops  beneath 
the  watery  solution,  forming  a  fluid  flattened  globule  at  the 
bottom.  As  the  receiver  cools,  the  oxide  becomes  solid  and 
crystallizes. 

Osmium  is  precipitated  from  the  solution  of  its  oxide  by 
all  the  metals,  excepting  gold  and  silver.  A  convenient 
mode  of  reduction  is  to  agitate  it  with  mercury,  adding  mu- 
riatic acid  to  decompose  the  protoxide  of  mercury  which  is 
formed,  and  then  expelling  the  mercury  and  calomel  by  heat. 
The  osmium  is  left  as  a  black  porous  powder,  which  acquires 
metallic  lustre  by  friction.  If  it  has  been  exposed  to  a  very 
gentle  heat,  its  specific  gravity  is  7,  it  takes  fire  when  heated 
in  the  open  air,  and  is  readily  oxidized  and  dissolved  by 
fuming  nitric  acid ;  but  a  red  heat  gives  it  greater  compact- 
ness, and  in  that  state  it  ceases  to  be  attacked  by  acids,  and 
may  be  freely  heated  without  oxidation.  In  its  densest  state 
Berzelius  found  its  specific  gravity  to  be  10.  (An.  de  Ch.  et 
Ph.  xl.  257.  and  xlii.  185.) 

Oxides,-^Keceiit  researches  have  induced  Berzelius  to  con- 
sider the  equivalent  of  osmium  as  identical  with  that  of  pla- 
tinum, being  about  99.     He  has  enumerated  five  degrees  of 
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mercury  dissolved  in  water  to  a  neutral  solution  of  the  ore  of 
platinum,  either  before  or  after  the  separation  of  that  metal 
by  muriate  of  ammonia,  a  yellowish  white  flocculent  precipi- 
tate is  gradually  deposited,  which  is  cyanuret  of  palladium. 
When  this  compound  is  heated  to  redness,  the  cyanogen  is 
expelled,  and  pure  palladium  remains.  In  order  to  obtain  it 
in  a  malleable  state,  the  metal  should  be  heated  with  sulphur, 
and  the  resulting  sulphuret  purified  by  cupellation  in  an 
open  crucible  with  borax  and  a  little  nitre.  It  is  then  roast- 
ed at  a  low  red-heat  on  a  flat  brick,  and  when  reduced  to  a 
pasty  consistence,  it  is  pressed  into  a  square  or  oblong  per- 
fectly flat  cake.  It  is  again  to  be  roasted  very  patiently,  at 
a  low  red  heat,  until  it  becomes  spongy  on  the  surface ;  and 
when  quite  cold,  it  is  condensed  by  frequent  tappings  with  a 
light  hammer.  By  alternate  roastings  and  tappings  the  sul- 
phur is  burned  off,  and  the  metal  rendered  sufficiently  dense 
to  be  laminated.  Thus  prepared  it  is  rather  brittle  while  hot, 
which  Dr.  Wollaston  supposed  to  arise  from  a  small  remnant 
of  sulphur.     (Phil.  Trans.  1829.  p-  7.) 

Palladium  resembles  platinum  in  colour  and  lustre.  It  is 
ductile  as  well  as  malleable,  and  is  considerably  harder  than 
platinum.  Its  specific  gravity  varies  from  11  3  to  11*8.  (Wol- 
laston.) In  fusibility  it  is  intermediate  between  gold  and  pla- 
tinum, and  is  dissipated  in  sparks  when  intensely  heated  by 
the  oxy-hydrogen  blow-pipe.    At  a  red  heat  in  oxygen  gas  its 


6S0  IRIDIUM. 

tioned.  When  osmium  is  heated  in  a  tube  in  a  current  of 
dry  chlorine  gas,  a  deep-green  sublimate  is  formed,  which  is 
the  protochloride.  On  continuing  the  process  it  yields  a  red 
sublimate,  which  is  the  bichloride.  For  the  remaining  de- 
tails, which  are  rather  minute,  I  may  refer  to  the  essay 
already  cited.  Several  of  these  chlorides  yield  double  com- 
pounds with  sodium,  potassium,  and  ammonia. 

Osmium  unites  with  sulphur  in  the  dry  way,  or  when  pre- 
cipitated from  the  chlorides  by  sulphuretted  hydrogen.  The 
sulphurets  correspond  to  the  number  of  the  oxides.  (Ber- 
zelius.) 

Iridium. — In  the  process  already  described  for  separating 
osmium  from  its  ore,  oxide  of  iridium  is  left  in  combination 
with  potash,  after  the  soluble  compound  of  osmium  has  been 
removed  by  the  action  of  water.  On  digesting  the  mass  in 
muriatic  acid,  a  blue  solution  is  obtained ;  but  it  afterwards 
becomes  of  an  olive-green  hue,  and  subsequently  acquires  a 
deep  red  tint.  This  variety  of  colour,  which  suggested  the 
name  of  iridium,  is  owing  to  the  metal  passing  through  dif- 
ferent stages  of  oxidation.  In  general,  after  treatment  with 
muriatic  acid,  some  undecomposed  ore  remains,  which,  from 
its  refractory  nature,  often  requires  repeated  fusion  with  nitre. 

Muriate  of  iridium,  when  deprived  of  its  excess  of  acid  by 
heat,  may  be  procured  by  evaporation  in  crystals  of  a  deep 
brown  colour.  This  compound,  which  is  probably  rather  a 
chloride  than  a  muriate,  is  distinguished  by  forming  with 
water  a  red  solution,  which  is  rendered  colourless  by  the  pure 
alkalies  or  alkaline  earths,  by  sulphuretted  hydrogen,  infu- 
sion of  gall-nuts,  or  ferrocyanate  of  potash.  It  is  decom- 
posed by  nearly  all  the  metals  except  gold  and  platinum, 
iridium  being  thrown  down  in  the  metallic  state.  The  metal 
may  also  be  procured  by  exposing  the  chloride  to  a  red  heat. 

Iridium  is  a  brittle  metal,  and  apt  to  fall  into  powder  when 
burnished ;  but  with  care  it  may  be  polished,  and  then  ac- 
quires the  appearance  of  platinum.  Of  all  known  metals  it  is 
the  most  infusible ;  Mr.  Children,  by  means  of  his  large  gal- 
vanic battery,  fused  it  into  a  globule  of  a  brilliant  metallic 
lustre  and  white  colour,  having  a  density  of  18*68 ;  but  the 
attempts  at  fusion  by  Berzelius  were  unsuccessful.  Its  great- 
est specific  gravity  in  the  unfused  state  is  15*8629.  It  is 
oxidized  at  a  red  heat  in  the  open  air,  if  in  a  state  of  fine 
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Rfaodiiim,  thus  procured,  is  in  the  form  of  a  black  powder, 
which  requires  the  strongest  heat  that  cau  be  produced  in  a 
wind  furnace  for  fusion,  and  when  fused  has  a  white  colour 
and  metallic  lustre.  It  is  brittle,  is  extremely  hard,  and  haa 
a  specific  gravity  of  about  11.  It  attracts  oxygen  at  a  red 
heat,  a  mixture  of  peroxide  and  protoxide  being  formed.  It 
is  not  attacked  by  any  of  the  acids  when  in  its  pure  state ; 
but  if  alloyed  with  other  metals,  such  as  copper  or  lead,  it  is 
dissolved  by  nitro-muriatic  acid,  a  cireumstance  which  ac- 
counts for  its  presence  in  the  solution  of  crude  platinum.  It 
is  oxidized  by  being  ignited  either  with  nitre,  or  bisulphate 
of  potash.  When  heated  with  the  latter,  sulphurous  add 
gas  is  evolved,  and  a  double  sulphate  of  rhodium  and  potash 
is  generated,  which  dissolves  readily  in  hot  water,  and  yields 
a  yellow  solution.  The  presence  of  rhodium  in  platinum, 
iridium,  and  osmium,  may  thus  be  detected,  and  by  repeated 
fusion  a  perfect  separation  be  accomplished.     (Berzelius.) 

Chemists  are  acquainted  with  two  oxides  of  rhodium.  The 
protoxide  is  black,  and  the  peroxide,  which  is  the  base  of  the 
salts  of  rhodium,  is  of  a  yellow  colour.  Most  of  its  salts  are 
flther  red  or  yellow ;  and  the  rose-red  tint  of  the  muriate 
suggested  the  name  of  rhodium.  (From  pihv,  a  rose.)  Ac- 
cording to  Dr.  Thomson,  the  equivalent  of  rhodium  is  44, 
and  the  oxygen  in  its  two  oxides  is  in  the  ratio  of  1  to  2 ; 
but  the  number  selected  by  Berzelius,  as  the  result  of  his 
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non-metallic  bodies,  I  shall  treat  briefly  in  the  present  section 
of  the  combinations  of  the  metals  with  each  other.  These 
compounds  are  called  alloj/s ;  and  to  those  alloys,  of  which 
mercury  is  a  constituent,  the  term  amalgam  is  applied.  It  is 
probable  that  each  metal  is  capable  of  uniting  in  one  or  more 
proportions  with  every  other  metal,  and  on  this  supposition 
the  number  of  alloys  would  be  exceedingly  numerous.  This 
department  of  chemistry,  however,  owing  to  its  having  been 
cultivated  with  less  zeal  than  most  other  branches  of  the 
science,  is  as  yet  limited,  and  our  knowledge  concerning  it 
imperfect.  On  this  account  I  shall  mention  those  alloys  only 
to  which  some  particular  interest  is  attached. 

Metals  do  not  combine  with  each  other  in  their  solid  state, 
owing  to  the  influence  of  chemical  affinity  being  counteracted 
by  the  force  of  cohesion.  It  is  necessary  to  liquefy  at  least 
one  of  them,  in  which  case  they  always  unite,  provided  their 
mutual  attraction  is  energetic.  Thus,  brass  is  formed  when 
pieces  of  copper  are  put  into  melted  zinc ;  and  gold  um'fes 
with  mercury  at  common  temperatures  by  mere  contact. 

Metals  appear  to  unite  with  one  another  in  every  propor- 
tion, precisely  in  the  same  manner  as  sulphuric  acid  and  water. 
Thus  there  is  no  limit  to  the  number  of  alloys  of  gold  and 
copper.  It  is  certain,  however,  that  metals  have  a  tendency 
to  combine  in  definite  proportion  ;  for  several  atomic  com- 
pounds of  this  kind  occur  native.  The  crystallized  amalgam 
of  silver,  for  example,  is  composed,  according  to  the  analysis 
of  Klaproth,  of  64  parts  of  mercury  and  36  of  silver,  num- 
bers which  are  so  nearly  in  the  ratio  of  200  to  108,  that  the 
amalgam  may  be  inferred  to  contain  one  equivalent  of  each  of 
its  elements.  It  is  indeed  possible  that  the  variety  of  pro- 
portion in  alloys  is  rather  apparent  than  real,  arising  from  the 
mixture  of  a  few  definite  compounds  with  each  other,  or  with 
uncombined  metal ;  an  opinion  not  only  suggested  by  the 
mode  in  which  alloys  are  prepared,  but  in  some  measure  sup- 
ported by  observation.  Thus,  on  adding  successive  small 
quantities  of  silver  to  mercury,  a  great  variety  of  fluid  amal- 
gams are  apparently  produced ;  but,  in  reality,  the  chief,  if 
not  the  sole  compound,  is  a  solid  amalgam,  which  is  merely 
difliised  throughout  the  fluid  mass,  and  may  be  separated  by 
pressing  the  liquid  mercury  through  a  piece  of  thick  leather. 

Alloys  are  analogous  to  metals  in  their  chief  physical  pro- 
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perties.  They  are  opaque,  possess  the  metallic  lustre,  and 
are  good  conductors  of  electricity  and  caloric.  They  often 
differ  materially  in  some  respects  from  the  elements  of  which 
they  consist.  The  colour  of  an  alloy  is  sometimes  different 
from  that  of  its  constituents,  of  which  brass  is  a  remarkable 
example.  The  hardness  of  a  metal  is  in  general  increased  by 
being  alloyed,  and  for  this  reason  its  elasticity  and  sonorous- 
ness are  frequently  improved.  The  malleability  and  ductility 
of  metals,  on  the  contrary,  are  usually  impaired  by  combina- 
tion. Alloys  formed  of  two  brittle  metals  are  always  brittle ; 
and  an  alloy  composed  of  a  ductile  and  a  brittle  metal  is  ge- 
nerally brittle,  especially  if  the  latter  predominate.  An  alloy 
of  two  ductile  metals  is  sometimes  brittle. 

The  density  of  an  alloy  is  sometimes  less,  sometimes  greater, 
than  the  mean  density  of  the  metals  of  which  it  is  composed. 

The  fusibility  of  metals  is  greatly  increased  by  being 
alloyed.  Thus  pure  platinum,  which  cannot  be  completely 
fused  in  the  most  intense  heat  of  a  wind  furnace,  forms  a  very 
fusible  alloy  with  arsenic. 

The  tendency  of  metals  to  unite  with  oxygen  is  consider- 
ably augmented  by  being  alloyed.  This  effect  is  particularly 
conspicuous  when  dense  metals  are  liquefied  by  combination 
with  quicksilver,  and  is  manifestly  owing  to  the  loss  of  their 
cohesive  power.  Lead  and  tin,  for  instance,  when  united 
with  mercury,  are  soon  oxidized  by  exposure  to  the  atmo- 
sphere; and  even  gold  and  silver  combine  with  oxygen, 
when  the  amalgams  of  those  metals  are  agitated  with  air. 
The  oxidability  of  one  metal  in  an  alloy  appears  in  some  in- 
stances to  be  increased  in  consequence  of  a  galvanic  action. 
Thus,  Mr.  Faraday  observed^  that  an  alloy  of  steel  with 
100th  of  its  weight  of  platinum  was  dissolved  with  efferves- 
cence in  dilute  sulphuric  acid,  which  was  so  weak  that  it 
scarcely  acted  on  common  steel ;  an  effect  which  he  ascribes 
to  the  steel  in  the  alloy  being  rendered  positive  by  the  pre- 
sence of  the  platinum. 

AMALGAMS. 

Quicksilver  unites  with  potassium  when  agitated  in  a  glass 
tube  with  that  metal,  forming  a  solid  amalgam.  When  the 
amalgam  is  put  into  water,  the  potassium  is  gradually  oxi- 
dized, hydrogen  gas  is  disengaged,  and  the  mercury  resumes 
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its  liquid  form.  A  similar  compound  may  be  obtiuned  with 
sodium.  These  amalgams  may  also  be  procured  by  placing 
the  negative  wire  in  contact  with  a  globule  of  mercury  during 
the  process  of  decomposing  potash  and  soda  by  galvanism. 

A  solid  amalgam  of  tin  is  employed  in  making  looking- 
glasses  ;  and  an  amalgam  made  of  one  part  of  lead,  one  of 
tin,  two  of  bismuth,  and  four  parts  of  mercury,  is  used  for 
silvering  the  inside  of  hollow  glass  globes.  This  amalgam  is 
solid  at  common  temperatures ;  but  is  fused  by  a  slight  de- 
gree of  heat. 

The  amalgam  of  zinc  and  tin,  used  for  promoting  the  action 
of  the  electrical  machine,  is  made  by  fusing  one  part  of  zinc 
with  one  of  tin,  and  then  agitating  the  liquid  mass  with  two 
parts  of  mercury  placed  in  a  wooden  box.  Mercury  evinces 
little  disposition  to  unite  with  iron,  and,  on  this  account,  it  is 
usually  preserved  in  iron  bottles. 

The  amalgam  of  silver,  as  already  mentioned,  is  a  mineral 
production.  The  process  of  separating  silver  from  its  ores  by 
amalgamation,  practised  on  a  large  scale  at  Freyberg  in  Ger- 
many, is  founded  on  the  affinity  of  mercury  for  silver.  On 
exposing  the  amalgam  to  heat,  the  quicksilver  is  volatilized, 
and  pure  silver  remains. 

Oold  unites  with  remarkable  facility  with  mercury,  forming 
a  white-coloured  compound.  An  amalgam  composed  of  one 
part  of  gold  and  eight  of  mercury  is  employed  in  gilding 
brass.  The  brass,  after  being  rubbed  with  nitrate  of  mer- 
cury in  order  to  give  it  a  thin  film  of  quicksilver,  is  co- 
vered with  the  amalgam  of  gold,  and  then  exposed  to  heat 
for  the  purpose  of  expelling  the  mercury. 

ALLOYS   OF   ARSENIC. 

Arsenic  has  a  tendency  to  render  the  metals,  with  which  it 
is  alloyed,  both  brittle  and  fusible.  It  has  the  property  of 
destroying  the  colour  of  gold  and  copper.  An  alloy  of  copper, 
with  a  tenth  part  of  arsenic,  is  so  very  similar  in  appearance 
to  silver,  that  it  has  been  substituted  for  it.  The  whiteness 
of  this  alloy  affords  a  rough  mode  of  testing  for  arsenic ;  for 
if  arsenious  acid  and  charcoal  be  heated  between  two  plates 
of  copper,  a  white  stain  afterwards  appears  upon  its  surface, 
owing  to  the  formation  of  an  arseniuret  of  copper. 

The  presence  of  arsenic  in  iron  has  a  very  pernicious  effect; 
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divirion,  but  not  otherwiBe ;  and  it  is  attacked  vith  difficulty 
even  by  nitro-muiiatic  acid. 

According  to  the  late  researches  of  Berzeliiis,  the  equiva- 
lent of  iridium  is  identical  with  that  of  platinum,  and  it  is  ca- 
pable of  forming  four  oxides  corresponding  to  analogous 
chlorides.  The  protoxide,  sesqui-oxide,  and  teroxide  are 
precipitated  by  alkalies  from  the  chloride,  to  which  they  are 
respectively  proportional.  The  protoxide  is  greenish  gray  as 
a  hydrate,  and  black  when  anhydrous.  The  sesqui-oxide  is 
bluish  black  in  the  dry  state,  and  deep  brown  as  a  hydrate. 
The  hydrated  teroxide  is  of  a  yellowish  brown  or  greenish 
colour.  The  binoxide  has  not  hitherto  been  insulated.  Ber- 
zelius  has  not  fully  decided  the  nature  of  the  compound 
which  is  considered  as  the  blue  oxide,  that  which  forms  a 
blue  solution  with  acids;  but  he  believes  it  to  be  a  compound 
of  the  protoxide  and  sesqui-oxide.  This  variety  of  oxides,  to- 
gether with  the  facility  with  which  they  appear  to  pass  from 
one  to  the  other,  amply  accounts  for  the  diversity  of  tints 
sometimes  observed  in  solutions  of  iridium. 

Besides  forming  four  simple  chlorides,  proportional  to  the 
oxides  above  mentioned,  iridium  forms  double  chlorides  with 
■odium  and  potassium,  for  an  account  of  which  I  refer  to  the 
Essays  of  Berzelius  already  cited  in  the  history  of  osmium. 

Iridium  has  a  considerable  affinity  for  carbon,  combining 
with  it  when   a   piece  of  metal   is  held  in  the  flame  c^  a 
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An  alloy  of  three  parts  of  lead  to  one  of  antimony  consti- 
tutes the  substance  of  which  types  for  printing  are  made. 

ALLOYS    OF   COPPER. 

Copper  forms  with  tin  several  valuable  alloys,  which  are 
characterized  by  their  sonorousness.  Bronze  is  an  alloy  of 
copper  with  about  eight  or  ten  per  cent  of  tin,  together  with 
smidl  quantities  of  other  metals  which  are  not  essential  to  the 
compound.  Cannons  are  cast  with  an  alloy  of  a  similar 
kind. 

The  best  bell-metal  is  composed  of  80  parts  of  copper  and 
20  of  tin  ;-^the  Indian  gong,  celebrated  for  the  richness  of 
its  tones,  contains  copper  and  tin  in  this  proportion.  A  spe- 
cimen of  English  bell-metal  was  found  by  Dr.  Thomson  to 
consist  of  80  parts  of  copper^  lO'l  of  tin,  6*6  of  zinc,  and  4*3 
of  lead.  Lead  and  antimony,  though  in  small  quantity,  have 
a  remarkable  e£Pect  in  diminishing  the  elasticity  and  sono- 
rousness of  the  compound.  Speculum-metalj  with  which 
mirrors  for  telescopes  are  made,  consists  of  about  two  parts 
of  copper  and  one  of  tin.  The  whiteness  of  the  alloy  is  im- 
proved by  the  addition  of  a  little  arsenic. 

Copper  and  zinc  unite  in  several  proportions,  forming 
alloys  of  great  importance  in  the  arts.  The  best  brass  consists 
of  four  parts  of  copper  to  one  of  zinc  ;  and  when  the  latter  is 
in  a  greater  proportion,  compounds  are  generated  which  are 
called  ZV>mbac,  Duich^gold^  and  Pinchbeck.  The  wAite  cap- 
per  of  the  Chinese  is  composed,  according  to  the  analysis  of 
Dr.  Fyfe,  of  40*4  parts  of  copper,  26*4  of  zinc,  31*6  of 
nickel,  and  2*6  of  iron. 

The  art  of  tinning  copper  consists  in  covering  that  metal 
with  a  thin  layer  of  tin,  in  order  to  protect  its  surface  from 
rusting.  For  this  purpose,  pieces  of  tin  are  placed  upon  a 
well  polished  sheet  of  copper,  which  is  heated  sufficiently  for 
fusing  the  tin.  As  soon  as  the  tin  liquefies,  it  is  rubbed  over 
the  whole  sheet  of  copper,  and  if  the  process  is  skilfuUy  con- 
ducted, adheres  uniformly  to  its  surface.  The  oxidation  of 
the  tin,  a  circumstance  which  would  entirely  prevent  the  suc- 
cess of  the  operation,  is  avoided  by  employing  fragments  of 
resin  or  muriate  of  ammonia,  and  regulating  the  temperature 
with  great  care.  The  two  metals  do  not  actually  combine ; 
but  the  adhesion  is  certainly  owing  lo  their  mutual  affinity. <-^ 
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perties.  They  are  opaque,  possess  the  metallic  lustre,  and 
are  good  conductors  of  electricity  and  caloric.  They  oftea 
differ  materially  in  some  respects  from  the  elements  of  vhicb 
they  consist.  The  colour  of  an  alloy  is  sometimes  different 
from  that  of  its  constituents,  of  which  hrass  is  a  remarkable 
example.  The  hardness  of  a  metal  is  in  general  increased  by 
being  alloyed,  and  for  this  reason  its  elasticity  and  sonorous- 
ness are  frequently  improved.  The  malleability  and  ductility 
of  metals,  on  the  contrary,  are  usually  impaired  by  combina- 
tion. Alloys  formed  of  two  brittle  metals  are  always  brittle; 
and  an  alloy  composed  of  a  ductile  and  a  brittle  metal  is  ge- 
nerally brittle,  especially  if  the  latter  predominate.  An  alloy 
of  two  ductile  metals  is  sometimes  brittle. 

The  density  of  an  alloy  is  sometimes  less,  sometimes  greater, 
than  the  mean  dennty  of  the  metals  of  which  it  is  composed. 

The  fusibility  of  metals  is  greatly  increased  by  being 
alloyed.  Thus  pure  platinum,  which  cannot  be  completely 
fused  in  the  most  inteuse  heat  of  a  wind  furnace,  forms  a  very 
fusible  alloy  with  arsenic. 

The  tendency  of  metals  to  unite  with  oxygen  is  consider- 
ably augmented  by  being  alloyed.  This  effect  is  particularly 
conspicuous  when  dense  metals  are  liquefied  by  combination 
with  quicksilver,  and  is  manifestly  owing  to  the  loss  of  their 
cohesive  pow«-.  Lead  and  tin,  for  instance,  when  united 
with  mercury,  are  soon  oxidized  by  exposure  to  the  atmo- 
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of  copper  increases.  Pure  gold,  being  too  soft  for  coinage 
and  many  purposes  in  the  arts,  is  always  alloyed  either  with 
copper  or  an  alloy  of  copper  and  silver,  which  increases  the 
hardness  of  the  gold  without  materially  affecting  its  colour 
or  tenacity.     Gold  coins  contain  about  l-12th  of  copper. 

Nearly  all  the  gold  found  in  nature  is  alloyed  more  or  less 
with  silver.  In  a  late  elaborate  investigation  into  the  con- 
stituents of  the  Uralian  ores  of  gold,  G.  Rose  found  one  spe- 
cimen with  0*16  per  cent  of  silver,  and  another  with  38*38 
per  cent ;  but  most  of  the  specimens  contained  8  or  9  per 
cent  of  silver.  It  has  been  maintained  that  the  native  aUoys 
of  gold  and  silver  are  usually  in  atomic  proportion.  This 
statement,  however,  has  been  amply  disproved  by  G.  Rose ; 
these  metals  appear  to  be  isomorphous,  and  hence  like  other 
isomorphous  bodies  they  crystallize  with  each  other  in  pro- 
portions altogether  indefinite.     (Pog.  Annalen,  xxiii.  161.) 


SALTS. 

GENERAL  REMARKS  ON  SALTS. 

In  the  preceding  pages  I  have  been  chiefly  occupied  with 
the  description  either  of  elementary  principles,  or  of  com- 
pounds immediately  resulting  from  their  union.  The  class 
of  bodies  now  to  be  described  is  of  a  different  nature,  being 
exclusively  compounds  derived  from  the  combination  of  other 
compound  bodies. 

The  term  salt  is  often  somewhat  vaguely  employed  in  che- 
mistry, but  according  to  the  usage  of  most  chemists,  it  de- 
notes a  definite  compound  of  an  acid,  and  an  alkaline  or  salifi* 
able  base,  both  of  which  are  in  every  case  composed  of  at  least 
two  simple  substances.  Sulphate  of  potash,  for  instance,  is  a 
salt,  the  acid  of  which  consists  of  oxygen  and  sulphur,  and 
the  base  of  oxygen  and  potassium.  A  different  view  may 
indeed  be  formed  of  the  nature  of  a  salt.  Thus,  to  employ 
the  example  already  adduced,  sulphate  of  potash  contains  sul- 
phur, oxygen,  and  potassium ;  and  it  may  be  thought  that 
these  three  elements  do  not  exist  in  the  salt  as  sulphuric  add 
and  potash,  but  ar6  combined  directly  and  indiscriminately 


for  even  though  in  small  proportion,  it  renders  the  iron  brit- 
tle, especially  when  heated. 

The  alloy  of  tin  and  arsenic  is  employed  for  forming 
arseniuretted  hydrogen  gas  by  the  action  of  muriatic  acid. 
The  tin  of  commerce  sometimes  contains  a  minute  quantity 
of  this  alloy. 

An  alloy  of  platinum  with  ten  parts  of  arsenic  is  fusible 
at  a  heat  a  little  above  redness,  and  may  therefore  be  cast 
in  moulds.  On  exposing  the  alloy  to  a  gradually  increas- 
ing  temperature  in  open  vessels,  the  arsenic  is  oxidized 
and  expelled,  and  the  platinum  recovers  its  purity  and  in- 
fusibility. 

ALLOVS  OF  TIN,  LEAD,  ANTIMONY,  AND  BISMUTH. 
Tin  and  lead  unite  readily  when  fused  together,  constitu- 
ting solder,  of  which  two  kinds  are  distinguished.  The  alloy 
called  _^He  solder  consists  of  two  parts  of  tin  and  one  of  lead, 
fuses  at  about  360°  F.,  and  is  much  employed  in  tinning 
copper.  The  coarse  solder  contains  l-4th  of  tin,  fuses  at 
about  500°,  and  is  the  substance  used  for  soldering  by  gla- 
ziers. Thus  by  varying  the  relative  quantity  of  the  metals, 
a  solder  of  different  fusibility  may  be  obtained.  The  process 
of  hard  soldering  or  brazing,  by  which  two  surfaces  of  cop- 
per are  cemented  together,  is  done  with  hard  solder,  which  is 
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contains  a  larger  proportional  quantity  of  oxygen  than  water, 
and  yet  this  fluid  does  not  possess  the  slightest  degree  of 
acidity.  The  progress  of  science,  indeed,  seems  to  justify  the 
opinion  that  there  is  no  body  to  which  the  term  acidifying 
principle  is  strictly  applicable.  The  acidity  of  any  substance 
cannot  be  referred  to  one  of  its  elements  rather  than  the  other; 
but  it  is  a  new  property  peculiar  to  the  compound,  and  to 
which  each  of  its  constituents  contributes. 

An  alkali  is  characterized  by  a  peculiar  pungent  taste,  by 
its  alkaline  reaction  on  vegetable  colours,  and  by  neutralizing 
acids.     There  are  many  salifiable  bases,  however,  which  do 
not  possess  these  characters.     Thus  pure  magnesia,  though 
it  is  a  strong  alkaline  base  and  forms  neutral  salts  with  acids, 
is  insipid,  and  barely  produces  an  appreciable  effSect  on  yel- 
low turmeric  paper,^-an  inaction  obviously  owing  to  its  in- 
solubility.    Some  compounds  neutralize  the  properties  of 
acids  in  an  imperfect  manner,  although  they  form  perfect  salts. 
For  these  reasons  it  is  desirable  to  define  precisely  what  is 
meant  by  a  salifiable  base,  and  the  following  definitit^  appears 
to  me  to  answer  the  purpose.     Every  compound  may  be  re- 
garded as  an  alkaline  or  salifiable  base,  which  forms  definite 
compounds  with  acids,  and  which,  when  liquid  or  in  a  state  of 
solution,  has  an  alkaline  reaction.    All  alkaline  bases,  with 
the  exception  of  ammonia  and  the  vegetable  alkalies,  are 
metallic  oxides. 

The  nomenclature  of  the  salts  was  explained  on  a  former 
occasion.  (Page  163.)  The  insufiiciency  of  the  division  into 
neutral^  super^  and  5ii6-salts  will  be  made  apparent  by  the 
following  remarks.  In  the  first  place,  some  alkaline  bases 
form  more  than  one  super-salt,  in  which  case  two  or  more 
difierent  salts  would  be  included  under  the  same  name.  Se- 
condly, some  salts  have  an  acid  reaction,  and  might  therefore 
be  denominated  super-salts,  although  they  do  not  ocmtain  an 
excess  of  acid.  Nitrate  of  lead,  for  instance,  has  the  property 
of  reddening  litmus  paper ;  whereas  it  consists  of  one  equiva- 
lent of  oxide  of  lead  and  one  equivalent  of  nitric  add,  and 
therefore  in  composition  is  precisely  analogous  to  nitrate 
of  potash,  which  is  a  neutral  salt.  This  fact  was  noticed 
some  years  ago  by  Berzelius,  who  accounted  for  the  circum- 
stance in  the  following  manner.  The  colour  of  litmus  is 
naturally  red,  and  it  is  only  rendered  blue  by  the  colouring 
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Inn,  which  has  a  weaker  attraction  than  copper  for  tin,  is 
tinned  with  more  difficulty  than  that  metal. 

ALLOYS  OP  STEEL. 
Messrs.  Stodart  and  Faraday  have  succeeded  in  making 
some  very  important  alloys  of  steel  with  other  metals.  (Philos. 
Trans,  for  1833.)  Their  experiments  induced  them  to  be- 
lieve that  the  celebrated  Indian  steel,  called  wootz,  ia  an 
alloy  of  steel  with  small  quantities  of  silicium  and  aluminium; 
and  they  succeeded  in  preparing  a  similar  compound,  pos- 
sessed of  all  the  properties  of  wootz.  They  ascertained  that 
silver  combines  with  steel,  forming  an  alloy  which,  although 
it  ctmtains  only  l-500th  of  its  weight  of  silver,  is  superior  to 
wootz  or  the  best  cast  steel  in  hardness.  The  alloy  of  steel 
with  100th  part  of  platinum,  though  less  hard  than  that  with 
tdlver,  possesses  a  greater  degree  of  toughness,  and  is  there- 
fore highly  valuable  when  tenacity  as  well  as  hardness  is 
required.  Tlie  alloy  of  Bteel  with  rhodium  even  exceeds  the 
two  former  in  hardness.  The  compound  of  steel  with  palla- 
dium, and  of  steel  with  indium  and  osmium,  is  likewise  ex- 
ceedingly bard ;  but  these  alloys  cannot  be  employed  exten- 
sively, owing  to  the  ranty  of  the  metals  of  which  they  are 
composed. 

ALLOYS   OF   SILVER. 
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are  insoluble  in  water  are  insipid.  Few  salts  are  possessed  of 
odour :  the  only  one  which  is  remarkable  for  this  property  is 
carbonate  of  ammonia. 

Salts  differ  remarkably  in  their  affinity  for  water.  Thus 
some  salts,  such  as  the  nitrates  of  lime  and  magnesia,  are 
deliquescent^  that  is,  attract  moisture  from  the  air,  and  be- 
come  liquid.  Others,  which  have  a  less  powerful  attraction 
for  water,  undergo  no  change  when  the  air  is  dry,  but  be- 
come moist  in  a  humid  atmosphere ;  and  others  may  be  ex- 
posed without  change  to  an  atmosphere  loaded  with  watery 
vapour. 

Salts  differ  likewise  in  the  degree  of  solubility  in  water. 
Some  dissolve  in  less  than  their  weight  of  water;  while 
others  require  several  hundred  times  their  weight  of  this 
liquid  for  solution,  and 'Others  are  quite  insoluble.  This 
difference  depends  on  two  circumstances,  namely,  on  their 
affinity  for  water,  and  on  their  cohesion;  their  solubility 
being  in  direct  ratio  with  the  first,  and  in  inverse  ratio  with 
the  second.  One  salt  may  have  a  greater  affinity  for  water 
than  another,  and  yet  be  less  soluble ;  an  effect  which  may 
be  produced  by  the  cohesive  power  of  the  salt  which  has  the 
stronger  attraction  for  water,  being  greater  than  that  of  the 
salt  which  has  a  less  powerful  affinity  for  that  liquid.  The 
method  proposed  by  Oay-Lussac  for  estimating  the  relative 
degrees  of  affinity  of  salts  for  water  (An.  de  Ch.  Ixxxii.)  is  by 
dissolving  equal  quantities  of  salts  in  equal  quantities  of 
water,  and  applying  heat  to  the  solutions.  That  salt  which 
has  the  greatest  affinity  for  the  menstruum  will  retain  it  with 
most  force,  and  will  therefore  require  the  highest  temperature 
for  boiling. 

Salts  which  are  soluble  in  water  crystallize  more  or  less  re- 
gularly when  their  solutions  are  evaporated.  If  the  evapor». 
tion  is  rendered  rapid  by  heat,  the  salt  is  usually  deposited  in 
a  confused  crystalline  mass ;  but  if  it  take  place  slowly,  r^u- 
lar  crystals  are  formed.  The  best  mode  of  conducting  the 
process  is  to  dissolve  a  salt  in  hot  water,  and  when  it  has  be- 
come  quite  cold,  to  pour  the  saturated  solution  into  an  evapo- 
rating basin,  which  is  to  be  set  aside  for  several  days  or 
weeks  without  being  moved.  As  the  water  evaporates,  the 
salt  assumes  the  solid  form  ;  and  the  slower  the  evaporation, 
the  more  regular  are  the  crystals.     Some   salts  which   are 


634         GENERAL  REMARKS  ON  SALTS. 

without  losing  its  fluidity ;  but  on  readmitting  the  air,  crys- 
tallization commonly  commences,  and  the  whole  becomes  so* 
lid  in  the  course  of  a  few  seconds.  The  admission  of  the  air 
sometimes,  indeed,  fails  in  causing  the  e£Fect ;  but  it  may  be 
produced  with  certainty  by  agitation  or  the  introduction  of  a 
solid  body.  The  theory  of  this  phenomenon  is  not  very  ap- 
parent. Oay-Lussac  has  shown  that  it  does  not  depend  on 
atmospheric  pressure ;  (An.  de  Ch.  vol.  Ixxxvii.)  for  he  finds 
that  the  solution  may  be  cooled  in  open  vessels  without  be- 
coming solid,  provided  its  surface  be  covered  with  a  film  of 
oil ;  and  I  have  frequently  succeeded  in  the  same  experi- 
ment without  the  use  of  oil,  by  causing  the  air  of  the  flask  to 
communicate  with  the  atmosphere  by  means  of  a  moderately 
narrow  tube.  It  appears  from  some  experiments  of  Mr. 
Graham,  published  in  the  Philosophical  Transactions  of 
Edinburgh  for  1828,  that  the  influence  of  the  air  may  be 
ascribed  to  its  uniting  chemically  with  water;  for  he  has 
proved  that  gases  which  are  more  freely  absorbed  than  at- 
mospheric  air,  act  more  rapidly  in  producing  crystallization. 
Indeed,  the  rapidity  of  crystallization,  occasioned  by  the  con- 
tact of  gaseous  matter,  seems  proportional  to  the  degree  of 
its  affinity  for  water. 

The  same  quantity  of  water  may  hold  several  different  salts 
in  solution,  provided  they  do  not  mutually  decompose  each 
other.  The  solvent  power  of  water  with  respect  to  one  salt 
is,  indeed,  sometimes  increased  by  the  presence  of  another, 
owing  to  combination  taking  place  between  the  two  salts. 

Most  salts  produce  cold  during  the  act  of  solution,  espe* 
cially  when  they  are  dissolved  rapidly  and  in  large  quantity. 
The  greatest  reduction  of  temperature  is  occasioned  by  those 
which  contain  water  of  crystallization. 

All  salts  are  decomposed  by  Voltaic  electricity,  provided 
they  are  either  moistened  or  in  solution.  The  acid  appears  at 
the  positive  pole  of  the  battery,  and  the  oxide  at  its  opposite 
extremity ;  or  if  the  oxide  is  of  easy  reduction,  the  metal 
itself  goes  over  to  the  negative  side,  and  its  oxygen  aocompa^ 
nies  the  acid  to  the  positive  wire. 

The  composition  of  salts  is  subject  to  the  laws  of  chemical 
union ;  and,  indeed,  the  study  of  these  compounds  by  Wen- 
zel,  Richter,  and  Berzelius,  together  with  the  facts  ascer- 
tained by  Dr.  WoUaston  and  Dr.  Thomson,  tended  mate- 
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The  condition  by  which  the  process  is  peculiarly  fiivoured 
is  the  slow  and  gradual  change  of  a  fluid  into  a  solid,  the 
arrangement  of  the  particles  being  at  the  same  time  undis- 
turbed by  motion.  This  is  exemplified  during  the  slow  cooU 
ing  of  a  fused  mass  of  sulphur  or  bismuth,  or  the  sponta- 
neous evaporation  of  a  saline  solution ;  and  the  origin  of  the 
numerous  crystals,  which  are  found  in  the  mineral  kingdom, 
may  be  ascribed  to  the  influence  of  the  same  cause. 

Crystallographers  have  observed  that  certain  crystalline 
forms  are  peculiar  to  certain  substances.  Thus,  cidcareous 
spar  crystallizes  in  rhombohedrons,  fluor  spar  in  cubes,  and 
quarz  in  six-sided  pyramids ;  and  these  forms  are  so  far  pecu- 
Uar  to  those  substances,  that  fluor  spar  is  never  found  in 
rhombohedrons  or  six-sided  pyramids,  nor  does  calcareous 
spar  or  quarz  ever  occur  in  cubes.  Crystalline  form  may 
therefore  serve  as  a  ground  of  distinction  between  different 
substances.  It  is  accordingly  employed  by  mineralogists  for 
distinguishing  one  mineral  species  from  another;  and  it  is 
very  serviceable  to  the  chemist  as  affording  a  physical  charac- 
ter for  salts.  On  this  account  I  have  thought  it  would  be 
useful,  before  describing  the  individual  salts,  to  introduce  a 
few  pages  on  crystallization;  but  from  the  great  extent  of 
the  subject,  which  now  constitutes  a  separate  science,  my  re- 
marks must  necessarily  be  Umited,  and  comprehend  little  else 
than  an  enumeration  of  the  primary  forms.  To  those  who 
are  desirous  of  more  ample  information,  I  may  recommend 
Mr.  Brooke's  "Familiar  Introduction  to  Crystallography,^ 
the  translation  of  Mohs^s  Treatise  on  Mineralogy  by  Mr. 
Haidinger,  or  Mr.  Whewell's  Essay  in  the  second  volume  of 
the  Philosophical  Transactions  of  Cambridge. 

The  surfaces  which  limit  the  figure  of  crystals  are  called 
planes  or  faces^  and  are  generally  flat.  The  lines  formed  by 
the  junction  of  two  planes  are  called  edges ;  and  the  angle 
formed  by  two  such  edges  is  a  plane  angle.  A  soUd  angle  is 
the  point  formed  by  the  meeting  of  at  least  three  planes.  Tlius 
in  the  cube  or  hexahedron,  figure  1,  aan  F>s-  !• 

are  planes,  bb  are  edges,  and  cc  solid  angles.        A 
The  cube  it  is  apparent  has  six  planes  or  faces,    ^^H 
twelve  edges^  and  eight  solid  angles.     Each  of 
the  faces  has  four  angles,  which  are  rectan- 
gular. 
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2.  The  tetrahedron,  a  regular  solid  of 
geometry,  is  contained  under  ibur  equi- 
lateral triangles,  and  therefore  all  its  plane 
angles  are  equal  to  60  degrees.  The  faces 
incline  to  each  other  at  the  edges  at  an 
angle  of  70°  31'  44".     (Fig.  4.) 

3.  The  regular  octohedron  is  contained 
under  eight  equilateral  triangles,  figure  5, 
and  consequently  all  its  plane  angles  are 
equal  to  60  degrees.  The  base  of  the  oc- 
tohedron bbbb  is  a  square,  and  the  planes 
incline  on  each  other  at  the  edges  at  an 
angle  of  lOg""  28^  16^  The  octohedron  is 
a  regular  solid  of  geometry. 

4.  The  rhombic  dodecahedron  (fig.  6) 
is  limited  by  twelve  similar  rhombic  faces, 
the  plane  angles  of  which  are  equal  to  109° 
28'  16"  and  70°  31'  44^  The  faces  incline 
to  each  other  at  the  edges  at  an  angle 
of  120°. 

6.  The  octohedron  with  a  square  base, 
fig.  7,  is  bounded  by  eight  faces  which  are 
similar  isosceles  triangles.  The  base  bbbb 
is  always  a  square,  and  this  is  the  only 
part  of  the  figure  which  is  constant. 

6.  The  rectangular  octohedron,  figure 
8,  is  limited  by  eight  isosceles  triangles, 
four  of  which  are  difierent  firom  the  other 
four.  The  base  bbbb  is  always  a  rectangle ; 
but  the  ratio  of  its  two  sides,  as  well  as 
all  the  other  dimensions  of  the  figure,  is 
variable. 

7.  The  rhombic  octohedron,  figure  9) 
is  contained  under  eight  faces  which  are 
similar  scalene  triangles,  and  the  base 
bbbb  is  a  rhomb.  All  its  dimensions  are 
variable. 


Fig.  6. 
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riftlly  to  establish  the  doctrine  of  definite  proportioD.  All 
salifiable  bases,  coosisting  of  one  equivalent  of  a  metal  and 
one  equivalent  of  oxygen,  are  converted  into  neutral  salts, 
that  is,  into  salts  without  excess  either  of  acid  or  base,  by 
uniting  with  one  equivalent  of  an  acid.  When  a  metal 
forms  two  salifiable  bases  with  oxygen,  the  peroxide  mani- 
fests a  tendency  to  unite  with  more  acid  than  the  protoxide, 
and  Gay-Lussac  has  demonstrated  the  existence  of  the  follow- 
ing law  •.—That  the  quantity  of  acid  which  the  oxidtt  of  the 
sanu  metal  require  for  saturation,  is  in  the  tame  ratio  at  the 
quantity  of  oxygen  contained  in  their  oxides.  (M£m<nres 
D'Arcueil,  vol.  it.)  Thus,  while  protosulphate  of  imn  con- 
tains one  equivalent  of  each  of  its  elements,  the  soluble 
persulphate  is  composed  of  one  equivalent  of  peroxide  of 
iron,  and  one  equivalent  and  a  half  of  sulphuric  add.  In 
like  manner,  the  peroxides  of  mercury  and  tin  are  disposed 
to  unite  with  two  equivalents  of  acid,  or  twice  as  much  as 
would  form  a  neutral  salt  with  the  protoxides  of  those  metals. 
Hence,  when  a  peroxide  unites  with  one  equivalent  of  an 
acid,  the  product  is  commonly  a  subsalt. 

The  combination  of  salts  with  one  another  gives  rise  to 
compounds  which  were  formerly  called  triple  salts;  but  as 
the  term  double  salt,  proposed  by  Berzelius,  gives  a  more 
correct  idea  of  their  nature  and  constitution,  it  will  always 
be  employed  by  preference.     These  salts  may  be  composed 
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allied  to  each  other.     Thus,  if  the  six  solid  ^"Ll®* 

angles  of  the  regular  octohedron  are  re- 
placed by  tangent  planes,  as  in  figure  18, 
and  these  are  enlarged  until  they  intersect 
each  other,  and  the  faces  of  the  octohedron 
disappear,  a  perfect  cube  is  produced.  If 
the  twelve  edges  of  the  octohedron  are  re-  ^^iJ^' 

placed  by  tangent  planes,  as  in  figure  19) 
and  these  are  extended  till  they  mutually 
intersect,  the  rhombic  dodecahedron  will 
be  formed.  The  cube  may  by  analogous 
changes  be  converted  into  the  octohedron, 
tetrahedron,  and  rhombic  dodecahedron.  For  if  the  eight 
solid  angles  of  the  cube  be  replaced  by  equilateral  triangles, 
(fig.  2.)  and  these  are  enlarged  till  the  planes  of  the  original 
cube  are  destroyed,  the  octohedron  results.  The  tetrah^ron 
may  be  formed  by  replacing  the  four  solid  angles  ec  and  dd 
of  the  cube  (fig.  1.)  by  tangent  planes,  so  that  all  its  original 
faces  disappear.  By  replacing  the  twelve  edges  of  the  cube 
with  tangent  planes  as  in  figure  3,  until  the  new  faces  inter- 
sect each  other,  the  rhombic  dodecahedron  will  be  produced. 
By  the  combination  of  the  planes  of  different  primary  forms, 
various  secondary  ones  are  created,  as  is  made  obvious  by  the 
figures,  and  will  be  rendered  still  clearer  by  making  the  tran- 
sitions above  described  with  an  apple  or  potato.  The  study 
of  such  allied  forms  is  very  important,  because  the  same  sub- 
stance often  occurs  in  several  of  these  figures,  and  may  as- 
sume all  of  them. 

The  octohedron  with  a  square  base  is  allied  to  the  right 
square  prism.  Thus  if  in  figure  7  two  tangent  planes  are  sub- 
stituted for  the  solid  angles  oa,  and  the  edges  of  the  base  are 
replaced  by  faces  perpendicular  to  the  former,  new  forms  will 
result.  If  the  faces  of  the  octohedron  disappear,  the  right 
square  prism  is  formed ;  but  if  traces  of  them  remain,  se- 
condary forms  intermediate  between  the  two  primary  ones 
will  be  produced. 

The  rectangular  and  rhombic  octohedrons  and  the  right 
rectangular  and  rhombic  prisms  are  associated  with  each  other. 
Thus  on  replacing  the  solid  angles  na,  and  the  four  edges  of 
the  base  of  the  rectangular  octohedron,  by  tangent  planes,  and 
extending  them  till  the  planes  of  the  octohedron  disappear, 


M 


ON    CRYSTALLIZATION. 


637 


The  forms  of  crystals  are  excevdiDgly  cliTersified.  They 
are-divided  by  crystallographers  into  what  are  called  primi- 
tive, primary,  derivalixie,  or  fundamental  forms,  and  into 
secondary  or  derived  forms.  This  distinction  is  founded  on 
the  fact,  that  the  same  substance  frequently  assumes  different 
crystalline  forms ;  which,  however,  though  actually  different, 
are  in  general  geometrically  allied  to  each  other.  A  body, 
for  instance,  whose  ordinary  figure  is  a  cube,  Fie-  2. 

may  assume  a  shape  represenfed  by  figure  2, 
where  the  general  outline  is  cubic,  but  the 
solid  angles  are  replaced  by  triangular  faces ; 
just  as  if  the  crystal  had  been  originally  a 
perfect  cube,  and  its  eight  solid  angles  sub- 
sequently removed  by  mechanical  means.   In- 
stead of  the  solid  angles,   the  edges  of  the 
cube  may  be  wanting  and  a  new  form,  such 
as  figure  3,  be  produced.     If  the  new  planes 
are  small,  the  crystal  will  preserve  its  cubic 
appearance;  but  if  they  are  larger,  the  out- 
line of  the  cube  will  be  less  distinct ;  and  should  the  faces  of 
the  original  cube  wholly  disappear,  a  form  altogether  differ- 
ent will  result. — Secondary  crystals  are  those  which  may  be 
thus  deduced  by  the  substitution  of  planes  for  the  edges  or 
angles  of  some  primary  form ;  and  the  primary  or  funda- 
mental form  is  that  from  which  the  former  are  derived.     Tbe 


Fij.3. 


64S  ON   CRYSTALLIZATION. 

designate  by  the  name  of  structure.  The  structare  of  a  mi- 
neral arises  from  its  particles  adhering  at  some  parts  less  tena^ 
dously  than  at  others,  and  consequently  yielding  to  force  in 
one  direction  more  readily  than  at  another.  Structure  is 
sometimes  visible  by  holding  a  mineral  between  the  eye  and 
the  light ;  but  in  general  it  is  brought  into  view  by  effecting 
the  actual  separation  of  parts  by  mechanical  means. 

The  structure  of  minerals  may  be  regular  or  irregular.  It 
is  regular  when  the  separation  takes  place  in  sudi  a  manner, 
that  the  detached  surfaces  are  smooth  and  even  like  the  planes 
of  a  crystal ;  and  it  is  irregular,  when  the  new  surface  does 
not  possess  this  character. 

A  mineral  which  possesses  a  regular  structure  is  said  to  be 
cleavabley  or  to  admit  of  cleavage;  the  surfaces  exposed  by 
spliting  or  cleaving  a  mineral  are  termed  the ^oces  ofcleav^ 
age  ;  and  the  direction  in  which  it  may  be  cleaved  is  called 
the  direction  of  cleavage.  Sometimes  a  mineral  is  deavable 
only  in  cme  direction,  and  is  then  said  to  have  a  singk  cleav- 
age. Others  may  be  cleaved  in  two,  three,  four,  or  more  di«. 
rections,  and  are  said  to  have  a  double^  treble^  fourfold  cleav- 
age, and  so  on,  according  to  their  number. 

Minerals  that  are  cleavable  in  more  than  two  directions 
may,  by  the  removal  of  layers  parallel  to  the  planes  of  their 
cleavage,  be  often  made  to  assume  r^ular  primary  forms, 
though  they  may  originaUy  have  possessed  a^  different  figure. 
Calcareous  spar,  for  example,  occurs  in  rhombohedrons  of  dif- 
ferent kinds,  in  hexagonal  prisms,  in  six*dded  pyramids,  and 
in  various  combinations  of  these  forms ;  but  it  has  three  seta 
of  cleavage,  which  are  so  inclined  to  each  other  as  to  consti- 
tute a  rhombohedron  of  invariable  dimensions,  and  i^to  that 
form  every  crystal  of  calcareous  spar  may  be  reduced.  Lead 
glance  possesses  a  treble  cleavage,  the  planes  of  which  are  at 
right  angles  to  each  other ;  and  hence  it  is  always  convertible 
by  cleavage  into  the  cube.  The  cleavages  of  fluor-spar  are 
fourfold,  and  in  a  direction  parallel  to  the  planes  of  the 
regular  octohedron,  into  which  form  every  cube  of  fiuor  may 
be  converted. 

Cleavage  not  only  affords  a  useful  character  for  distin- 
guishing minerals,  but  is  frequently  employed  by  mioeiala- 
gists  for  detecting  the  primary  forms  of  crystals.  If  a  mine- 
ral occur  in  two  or  more  of  those  forms  which  have  been 
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8.  The  rigbt  square  prism,  figure  10,  is 
a  ^x<rid«d  figure,  which  differs  from  the 
cube  only  in  its  four  lateral  planes  cccc 
being  rectangles.  The  extreme  or  (er- 
minal  planes  aa  are  square.  The  term 
right  denotes  that  the  lateral  and  terminal 
planes  are  inclined  to  each  other  at  a  right 
angle.  It  is  used  in  opposition  to  oblique, 
which  signifies  that  the  sides  are  not  per- 
pendicular, but  form  an  oblique  angle 
with  the  terminal  planes. 

9.  The  right  rectangular  prism,  fig.  11, 
differs  from  the  former  in  the  terminal 
planes  aa  being  rectangular  instead  of 
square. 

10.  Therightrhombicprism, figure  12, 
differs  from  the  two  preceding  forms  only 
m  ita  terminal  planes  aa  being  rhombs. 

11.  Therightrhomboidalprism,fig.]3, 
differs  from  the  preceding  form  in  the 
terminal  planes  aa  being  rhomboids. 


644  ON    CRYSTALLIZATION. 

different  ingredients.  Crystals  possessed  of  the  form  and 
aspect  of  alum  may  be  made  with  sulphate  of  potash  and  per- 
sulphate of  iron,  without  a  particle  of  aluminous  earth  ;  and 
a  crystal  composed  of  selenic  acid  and  soda  will  have  a  per- 
fect resemblance  to  Olauber's  salt.  The  axiom  of  Haiiy, 
therefore,  requires  an  essential  modification. 

To  the  new  branch  of  science  laid  open  by  the  discovery  of 
Mitscherlich,  the  term  isomorphism  (from  Wog  equal  and 
IMgfij  form)  is  applied ;  and  those  substances  which  assume 
the  same  figure  are  said  to  be  isomorphous.  Of  these  iso- 
morphous  bodies  several  distinct  groups  have  been  described 
by  Mitscherlich.  One  of  the  most  instructive  of  these  in- 
cludes the  salts  of  arsenic  and  phosphoric  acid.  Thus,  the 
neutral  phosphate  and  biphosphate  of  soda  have  exactly 
the  same  form  as  the  arseniate  and  binarseniate  of  soda; 
phosphate  and  biphosphate  of  ammonia  correspond  to  arse* 
niate  and  binarseniate  of  ammonia;  and  the  biphosphate 
and  binarseniate  of  potash  have  the  same  form.  Each  arse- 
niate has  a  corresponding  phosphate,  possessed  of  the  same 
form,  possessing  the  same  number  of  equivalents  of  acid, 
alkali,  and  water  of  crystallization,  and  differing  in  fact 
in  nothing,  except  that  one  series  contains  arsenic  and  the 
other  an  equivalent  quantity  of  phosphorus.  A  second  re- 
markable group  contains  the  salts  of  sulphuric,  selenic,  chro- 
mic, and  manganic  acids.  The  salts  of  baryta,  stroQtia,  and 
oxide  of  lead  constitute  a  third  group ;  and  a  fourth  consists 
of  lime,  magnesia,  and  the  protoxides  of  manganese,  iron« 
cobalt,  nickel,  zinc,  and  copper.  A  fifth  includes  alumina, 
peroxide  of  iron,  and  the  green  oxide  of  chromium ;  and  a 
sixth  group  includes  the  salts  of  permanganic  and  perchloric 
acids.  In  comparing  together  isomorphous  bodies  of  the 
same  group,  identity  of  form  is  not  to  be  expected  unless 
there  is  similarity  of  composition.  A  neutral  phosphate  does 
not  correspond  to  a  binarseniate,  nor  a  biphosphate  to  a  neu- 
tral arseniate ;  an  anhydrous  sulphate  is  not  comparable  to  a 
hydrated  seleniate  of  the  same  base ;  nor  is  protosulphate  of 
iron,  with  six  equivalents  of  water,  isomorphous  with  sul* 
phate  of  manganese  with  five  equivalents.  In  all  such  in- 
stances if  chemical  composition  differs,  crystalline  form  is  also 
different. 

The  facts  just  mentioned  afford  indubitable  proof  that  the 
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and  the  salts  of  these  acids  are  equally  allied.  Sulphate  of 
soda,  for  example,  has  the  unusual  property  of  being  less  so- 
luble in  water  at  212°  than  at  100^,  and  the  very  same  pecu- 
liarity is  observable  in  seleniate  of  soda.  The  same  intimacy 
of  relation  exists  between  baryta  and  strontio,  between  lime 
and  magnesia,  and  between  cobalt  and  nickel. 

Isomorphous  substances,  owing  doubtless  to  the  various 
points  of  resemblance  which  have  just  been  traced*  crystallize 
together  with  great  readiness,  and  are  separated  from  each 
other  with  difficulty.  Dr.  Daubeny  has  remarked  that  a 
weak  solution  of  lime,  which  in  pure  water  would  be  instantly 
indicated  by  oxalate  of  ammonia,  is  very  sluggishly  affected 
by  that  test  when  much  sulphate  of  magnesia  is  present ;  and 
I  find  that  muriate  of  manganese  cannot  be  purified  from 
lime  by  oxalate  of  ammonia.  A  mixture  of  sulphate  of  cop- 
per and  protosulphate  of  iron  yields  crystals  which  have  the 
same  quantity  of  water  of  crystallization,  (6  equivalents)  and 
the  same  form,  as  green  vitriol,  though  they  may  contain  a 
large  quantity  of  sulphate  of  copper.  The  sulphates  of  zinc 
and  copper,  of  copper  and  magnesia,  of  copper  and  nickel,  of 
zinc  and  manganese,  and  of  magnesia  and  manganese  crystal- 
lize together,  contain  6  equivalents  of  water,  and  have 
the  same  form  as  green  vitriol,  without  containing  a  particle 
of  iron.  These  mixed  salts  may  be  crystallized  over  and 
over  again  without  the  ingredients  being  separated  from  each 
other,  just  as  it  is  extremely  difficult  to  purify  alum  from 
peroxide  of  iron,  with  which  alumina  is  isomorphous.  In 
these  instances  the  isomorphous  salts  do  not  occur  in  definite 
proportions :  they  are  not  chemically  united  as  double  salts, 
but  merely  crystallize  together. 

The  same  intermixture  of  isomorphous  substances  which 
takes  place  in  artificial  salts,  is  found  to  occur  in  minerals^ 
and  affords  a  most  luminous  explanation  of  the  great  variety 
both  in  the  kind  and  proportion  of  substances  which  may 
exist  in  a  mineral  species,  without  its  external  character  being 
thereby  essentially  affected.  Thus,  garnet  is  a  double  silicate 
of  alumina  and  lime,  expressed  by  the  formula  (Ai+Si)+ 
(8Ca+Si) ;  but  in  garnet,  as  in  alum,  the  alumina  may 
be  replaced  by  peroxide  of  iron,  yielding  the  compound 
(Fe+8i)  +  (3Ca+8i),  or  they  may  be  both  present  in  any 
proportion,  provided  that  their  sum  is  equivalent  to  either 
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enumerated  aa  primary,  that  one  is  usually  selected  as  fuada- 
meotal  which  may  be  produced  by  cleavage.  Thus  fluor 
^MT  is  met  with  in  cubes,  in  the  form  of  the  regular  octohe- 
dron,  and  as  the  rhombic  dodecahedron.  Of  these  the  cube 
it  by  far  the  most  frequent ;  and  yet  the  octohedron  is 
ueu^y  adopted  as  the  fundamental  form,  because  fluor  has 
four  equally  distinct  deavages  parallel  to  the  planes  of  that 
figure.  It  is,  indeed,  a  practice  very  common  among  miners 
logists,  not  only  to  consider  cleavage  as  the  most  influential 
circumstance  in  fixing  the  primary  form  of  a  crystal,  but 
to  adopt  as  such  no  figure  which  is  inconsiBtent  with  its 
cleavages. 

Since  the  forms  above  enumerated  aa  belonging  to  the 
tessular  system  of  crystallization  are  possessed  of  fixed  in- 
variable dimennons,  it  is  obvious  that  minerals,  or  otfaa 
crystallized  bodies  included  in  that  system,  must  often  in 
their  primary  forms  be  identical  with  each  other.  In  the 
other  systems  of  crystallization  this  identity  is  not  necessary, 
because  the  dimensions  of  their  forms  are  variable.  Thus 
octohedrons  with  a  square  base  may  be  distinguished  by  the 
relative  length  of  their  axis,  some  being  flat  and  others  scute. 
Rhombic  octohedrons  may  be  distinguished  from  each  other 
by  the  relative  length  of  their  axis,  and  the  angles  of  their 
base.  By  Haiiy  it  was  regarded  as  an  axiom  in  crystallo- 
graphy, that  minerals  not  belonging  to  the  tessular  system 
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2.  The  tetrahedron,  a  regular  solid  of 
geometry,  is  contained  under  four  equi- 
lateral triangles,  and  therefore  all  its  plane 
angles  are  equal. to  60  degrees.  The  faces 
incline  to  each  other  at  the  edges  at  an 
angle  of  70°  31'  44".     (Fig.  4.) 

3.  The  regular  octohedron  is  contained 
under  eight  equilateral  triangles^  figure  5, 
and  consequently  all  its  plane  angles  are 
equal  to  60  degrees.  The  base  of  the  oc- 
tohedron bbbb  is  a  square,  and  the  planes 
incline  on  each  other  at  the  edges  at  an 
angle  of  lOQ""  28'  16^  The  octohedron  is 
a  regular  solid  of  geometry. 

4.  The  rhombic  dodecahedron  (fig.  6) 
is  limited  by  twelve  similar  rhombic  faces, 
the  plane  angles  of  which  are  equal  to  109° 
28'  16"  and  70°  31'  44\  The  faces  incline 
to  each  other  at  the  edges  at  an  angle 
of  120°. 

6.  The  octohedron  with  a  square  base, 
fig.  7,  is  bounded  by  eight  faces  which  are 
similar  isosceles  triangles.  The  base  bbbb 
is  always  a  square,  and  this  is  the  only 
part  of  the  figure  which  is  constant. 

6.  The  rectangular  octohedron,  figure 
8,  is  limited  by  eight  isosceles  triangles, 
four  of  which  are  difierent  from  the  other 
four.  The  base  bbbb  is  always  a  rectangle; 
but  the  ratio  of  its  two  sides,  as  well  as 
all  the  other  dimensions  of  the  figure,  is 
variable. 

7.  The  rhombic  octohedron,  figure  9, 
is  contained  under  eight  faces  which  are 
similar  scalene  triangles,  and  the  base 
bbbb  is  a  rhomb.  All  its  dimensions  are 
variable. 


Fig.  4. 


Fig.  8 
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dogly.  SO}  while  peroxide  of  iron  diBplace§  the  alumina,  the 
lime  ma;  be  exchanged  for  protoxide  of  iroo ;  and  a 
mineral  would  result,  (Fe  +  Si)  +  (3Fe+Si),  which  coutaim 
neither  alumina  nor  lime,  though  it  is  still  garnet.  lostead 
of  protoxide  of  iron,  the  lime  may  be  replaced  by  magnesia, 
protoxide  of  manganese,  or  any  other  isomorphous  base;  ot 
any  equivalent  quantity  of  some  or  all  of  these  may  take  the 
place  of  the  lime,  without  the  crystallograpbic  character  being 
destroyed.  In  like  manner  epidote  ia  a  double  silicate  of 
alumina  and  lime,  expressed  by  (^+Si)  +  (Ca+Si);  and 
here  again  varieties  of  epidote  are  to  be  expected,  in  wUeh 
alumina  and  Lme  are  replaced  partially  or  wbcdly  by  an  equi- 
valent quantity  of  isomorphous  bases. 

The  discovery  of  Mitscherlich,  while  it  accounts  for  differ- 
ence of  compoBitioD  in  the  same  mineral,  and  serves  as  a  cau- 
tion to  nuDeralogists  against  too  exclusive  reliance  on  crystal 
lographic  character,  is  in  several  other  respects  of  deep  inter- 
est to  the  chemist.  It  tends  to  lay  open  new  paths  of  research 
by  uofoiding  analogies  nhicb  would  not  otherwise  have  been 
perceived. — The  tendency  of  isomorphous  bodies  to  crystallize 
together  accounts  for  the  difficulty  of  purifying  mixtures  of 
isomorphous  salts  by  crystallization. — The  same  property  sets 
the  chemist  on  his  guard  against  the  occurrence  of  isomor- 
phous substances  in  crystallized  minerals.  The  native  {duw- 
phates,  for  example,  frequently  coDtaio  arsenic  add,  and  cod- 
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to  the  air.     Its  taste  is  saline,  without  being  bitter,  and  its 

.      ••• 

formula  is  (L  +  S)  +  laq. 

Sulphate  of  Ammonia. — This  salt  is  easily  prepared  by 
neutralizing  carbonate  of  ammonia  with  dilute  sulphuric  acid ; 
and  it  is  contained  in  considerable  quantity  in  the  soot  from 
coal.  It  crystallizes  in  long  flattened  six-sided  prisms.  It 
dissolves  in  two  parts  of  water  at  60^,  and  in  an  equal  weight 
of  boiling  water.  It  is  sublimed  by  heat,  but  is  partially 
decomposed  at  the  same  time.  The  crystals  are  composed  of 
40  parts  or  one  equivalent  of  add,  and  17  parts  or  one  equi- 
valent of  ammonia,  combined  with  two  equivalents  of  water. 

Sulp/iate  of  Baryta. — Native  sulphate  of  baryta,  commonly 
called  hearyy  spar^  occurs  abundantly,  chiefly  massive,  but 
sometimes  in  anhydrous  crystals,  the  form  of  which  is  vari- 
able, being  sometimes  prismatic  and  sometimes  tabular.  Its 
primary  form  is  a  right  rhombic  prism.  Its  density  is  about 
4*4.  It  is  easily  formed  artificially  by  double  decomposition. 
This  salt  bears  an  intense  heat  without  fusing  or  undergoing 
any  other  change,  and  is  one  of  the  most  insoluble  substances 
with  which  chemists  are  acquainted.  It  is  sparingly  dissolv- 
ed by  hot  and  concentrated  sulphuric  acid,  but  is  precipitated 
by  the  addition  of  water.  It  consists  of  an  equivalent  of  each 
ingredient,  and  its  formula  is  Ba+S. 

Sulphate  of  Strontia. — ^This  salt,  the  celesiine  of  mineralo- 
gists, is  less  abundant  than  heavy  spar.  It  occurs  in  prisma- 
tic crystals  of  peculiar  beauty  in  Sicily,  and  its  primary  form 
is  a  right  rhombic  prism.  Its  density  is  3*858.  As  obtained 
by  the  way  of  double  decomposition,  it  is  a  white  heavy 
powder,  very  similar  to  sulphate  of  baryta.  It  requires  about 
3840  times  its  weight  of  boiling  water  for  solution.  Like 
sulphate  of  baryta  it  is  anhydrous,  and  its  formula  is  Sr+S. 

Sulphate  of  Lime. — ^This  salt  is  easily  formed  by  mixing 
a  solution  of  muriate  of  lime  with  any  soluble  sulphate.  It 
occurs  abundantly  as  a  natural  production.  The  mineral 
called  anhydrite  is  anhydrous  sulphate  of  lime ;  and  all  the 
varieties  of  gypsum  are  composed  of  the  same  salt,  united 
with  water.  The  pure  crystallized  specimens  of  gypsum  are 
sometimes  called  selenite;  and  the  white  compact  variety  is 
employed  in  statuary  under  the  name  of  alabaster.  The  cry- 
stals are  generally  flattened  prisms,  the  primary  form  of 
which  is  a  rhombic  prism.     The  anhydrous  compound  con- 
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and  infers  from  his  observations  tbat  a  body,  whether  dmple 
or  compound,  may  assume  two  different  crystalline  forma. 
The  cause  of  this  unexpected  fact  is  not  yet  ascertained. 

The  same  close  observer  has  noticed,  that  the  form  of  salts 
is  sometimes  changed  by  heat,  without  their  losing  the  solid 
state.  This  change  was  first  noticed  in  sulphate  of  magnesia, 
and  also  in  Hulphate  of  zinc  and  iron.  It  appears,  in  these  in- 
stances at  least,  to  be  owing  to  decomposition  of  the  hydrous 
salt  effected  by  increased  temperature ;  a  change  of  composi- 
tion which  is  accompanied  with  a  new  arrangement  in  the 
molecules  of  the  compound. 

SECTION  I. 

SULPHATES— SULPHITES.— HYP0SULPHATES.—HYP08UL. 
PHITES. 

SULPHATES. 
The  salts  of  sulphuric  acid  in  solution  may  be  detected 
by  muriate  of  baryta.  A  white  precipitate,  sulphate  of  baryta, 
invariably  subsides,  which  is  insoluble  in  acids  and  alkalies,  a 
character  by  which  the  presence  of  sulphuric  acid,  whether 
free  or  combined,  may  always  be  recognised.  An  insoluble 
sulphate,  such  as  sulphate  of  baryta  or  strontia,  may  be  de> 
tected  by  mixing  it,  in  fine  powder,  with  three  times  its 
weight  of  carbonate  of  potash  or  soda,  and  exposing  the  mix- 
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salts  and  six  equivalents  of  water.  The  crystals  are  pris- 
matic, but  of  a  complicated  nature,  and  are  connected  with 
an  oblique  rhombic  prism.  (Mr.  Brooke.)  A  similar  double 
salt,  isomorphous  with  the  preceding,  is  f(H*med  by  sponta- 
neous evaporation  from  the  mixed  solutions  of  sulphate  of 
ammonia  and  sulphate  of  magnesia.  The  crystals  contain 
one  equivalent  of  each  of  the  two  salts,  and  eight  equivalents 
of  water. 

Sulphates  of  Alumina.^The  sesqui-sulphate,  composed  of 
26*7  parts  or  one  equivalent  of  alumina,  and  60  parts  or  1^ 
equivalent  of  sulphuric  add,  is  prepared  by  saturating  dilute 
sulphuric  add  with  hydrated  alumina,  and  evaporating.  It 
crystallizes  with  difficulty  in  thin  flexible  plates  of  a  pearly 
lustre,  and  contains  nine  equivalents  of  water,  so  that  its 
formula  is  |  (A1^+3S) + 9  aq.  It  is  soluble  in  twice  its  weight 
of  water.  Berzelius  says  it  occurs  naturally  at  Milo  in  the 
Grecian  Archipelago. 

The  hydrated  di-sulphate  is  known  to  mineralogists  by  the 
name  o{  aluminite,  and  occurs  at  Halle  on  the  river  Saal, 
and  at  Newhaven  in  Sussex.  From  a  careful  analysis  by 
Stromeyer  of  a  specimen  from  both  localities,  it  manifestly 
consists  of  two  equivalents  of  alumina,  1  equivalent  of  sul- 
phuric  acid,  and  9  of  water,  so  that  its  formula  is  (Al+S)-f9 
aq.  It  is  insoluble  in  water,  and  is  thrown  down  by  ammo- 
nia from  a  solution  of  the  sesqui-sulphate.     (Berzelius.) 

Alum. — ^This  well  known  substance  is  a  double  sulphate  of 
alumina  and  potash,  which  crystallizes  with  great  fadlity 
from  a  solution  containing  its  elements.  It  is  prepared  in 
this  country  from  alum-slate,  an  argillaceous  slaty  rock 
highly  charged  with  pjrrites :  on  roasting  this  rock  the  sul- 
phuret  of  iron  is  oxidized,  the  resulting  sulphuric  acid  unites 
with  alumina  and  potash  present  in  the  slate,  and  the  alum  is 
dissolved  out  by  water.  By  frequent  crystallization  it  is 
purified  from  th^  oxide  of  iron  which  obstinately  adheres  to 
it.  In  Italy  it  is  prepared  from  alum^tone,  which  occurs  at 
Tolfa  near  Rome,  and  in  most  volcanic  districts,  bemg 
formed  apparently  by  the  action  of  sulphurous  add  vapours 
on  felspatic  rocks.  The  materials  of  ihe  alum  exist  in  the 
stone  ready  formed ;  and  they  are  extracted  by  gently  beat- 
ing the  rock,  exposing  it  for  a  time  to  the  air,  and  lixiviation. 
The  alum  from  this  source  has  been  long  prized,  in  conse- 


SULPHATES.  656 

quence  of  being  quite  free  from  iron.  In  both  of  these  pro- 
cesses the  potash  contained  in  the  alum-rock  is  inadequate 
for  uniting  with  the  sulphate  of  alumina  which  is  obtained, 
and  hence  a  salt  of  potash  must  be  added. 

Alum  has  a  sweetish  astringent  taste.  It  is  soluble  in 
five  parts  of  water  at  60^  F.,  and  in  little  more  than  its  own 
weight  of  boiling  water.  The  solution  reddens  litmus  paper ; 
but  it  is  doubtful  whether  this  is  owing  to  on  excess  of  acid^ 
or  to  the  weak  affinity  existing  between  alumina  and  suU 
phuric  acid.  (Page  630.)  It  crystallizes  readily  in  octohe- 
drons,  or  in  segments  of  the  octohedron,  and  the  crystals  con- 
tain almost  50  per  cent  of  water  of  crystallization.  On  being 
exposed  to  heat,  they  froth  up  remarkably,  and  part  with  all 
the  water,  forming  anhydrous  alum,  the  alumen  ustum  of  the 
pharmacopoeia.  At  a  full  red  heat  the  alumina  is  deprived 
of  its  acid. 

According  to  the  analysis  of  alum  by  Berzelius,  and  adopt- 
ing 25'7  as  the  equivalent  of  alumina,  the  composition  of  that 
salt  may  be  thus  stated  :— 

Sesqai-Salphate  of  Alumina    2  eq.  or  25*7x2+40x3   =  171*4.    Xl+3S. 

Sulphate  of  Potash  1  eq.  or  4715+40  =     8715.  Po+Sl 

Water  24  eq.  or  9x24  =i  216.        24  aq. 

Mr.  Phillips  supposes  the  add  and  bases  to  be  arranged 
in  a  somewhat  di£Perent  order,  expressed  by  the  formula 
(Ai+2S)  +  (Po+2S) ;  but  the  arrangement  above  given  is 
more  consistent  with  the  mode  in  which  alumina  combines  in 
other  instances. 

Alum  is  employed  in  the  formation  of  a  spontaneously  in- 
flammable mixture  long  known  under  the  name  of  Homberg^s 
pyrophorus.     It  is  made  by  mixing  equal  weights  of  alum 
*  and  brown  sugar,  and  stirring  the  mass  over  the  fire  in  an 

^  iron  or  other  convenient  vessel  tiU  quite  dry :  it  is  then  put 

^  into  a  glass  tube  or  bottle,  and  heated  to  moderate  redness 

'/^  without  exposure  to  the  air,  until  infiammable  gas  ceases  to 

s'  be  evolved.    A  more  convenient  mixture  is  made  with  three 

a^  parts  of  lamp-black,  four  of  burned  alum,  and  eight  of  car* 

3^  bonate  of  potash.     When  the  pyrophorus  is  well  made,  it 

^  speedily  becomes  hot  on  exposure  to  the  air,  takes  fire,  and 

}  i  burns  like  tinder ;  but  the  experiment  frequently  foils  from 

}f^  the  difiiculty  of  regulating  the  temperature. 

itii^  From  some  recent  experiments  by  Oay-Lussac,  it  appears 
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that  the  essential  ingredient  of  Homberg^s  pyrophorus  is  sul- 
phuret  of  potassium  in  a  state  of  minute  division.  The  char- 
coal and  alumina  act  only  by  being  mechanically  interposed 
between  its  particles ;  but  when  the  mass  once  kindles,  the 
charcoal  takes  fire  and  continues  the  combustion.  He  finds 
that  an  excellent  pyrophorus  is  made  by  mixing  27  parts  of 
sulphate  of  potash  with  15  parts  of  calcined  lamp-black,  and 
heating  the  mixture  to  redness  in  a  common  hessian  crucible, 
of  course  excluding  the  air  at  the  same  time.  (An.  de  Ch.  et 
Ph.  xxxvii.  415.) 

Alum,  having  exactly  the  same  form,  composition,  appear- 
ance, and  taste,  as  the  salt  just  described,  may  be  made  with 
ammonia,  the  sulphate  of  which  replaces  sulphate  of  potash. 
It  is  met  with  occasionally  as  a  natural  product,  and  may  be 
prepared  by  evaporating  a  solution  of  sulphate  of  ammonia 
with  sesqui-sulphate  of  alumina. 

A  soda  alum  may  also  be  prepared,  similar  in  form  and 
composition  to  the  preceding  alums,  except  that  it  contains 
26  equivalents  of  water.  (Berzelius.)  This  salt  is  disposed 
to  effloresce  in  the  air. 

Sulphate  of  Manganese, — ^This  salt  is  best  obtained  by 
dissolving  pure  carbonate  of  manganese  in  moderately  dilute 
sulphuric  add,  and  setting  the  solution  aside  to  crystalliEe  by 
spontaneous  evaporation.  The  crystals  are  transparent,  and 
of  a  slight  rose  tint,  in  taste  resemble  Glauber  salt,  and  occur 
in  flat  rhombic  prisms.  It  is  insoluble  in  alcohol,  but  dis- 
solves in  twice  and  a  half  times  its  weight  of  cold  water.  If 
the  heat  is  gradually  applied,  it  may  be  increased  to  redness 
without  expelling  any  of  the  add.  The  crystallized  salt 
contains  five  equivalents  of  water,  so  that  its  formula  is 
(Mn+S)+5aq. 

With  sulphate  of  ammonia  this  salt  yields  a  douUe  sul- 
phate of  ammonia  and  manganese,  consisting  of  one  equiva- 
lent combined  with  eight  of  water.  It  is  isomorphous  with 
the  analogous  salts  of  magnesia  and  protoxide  of  iron. 

Sulphate  of  Iron. — Sulphate  of  the  protoxide  of  iron,  com* 
monly  called  green  vitriol,  is  formed  by  the  action  of  dilute 
sulphuric  acid  on  metallic  iron  (page  222),  or  by  exposing 
protosulphuret  of  iron  in  fragments  to  the  combined  agency 
of  air  and  moisture.  This  salt  has  a  strong  styptic,  inky 
taste*  Though  neutral  in  composition,  being  composed  of 
one  equivalent  of  each  element,  it  reddens  the  vegetable  blue 


tains  an  equivalent  of  acid  and  base,  Ca+S^  which  is  com- 
bined in  the  crystals  with  2  equivalents  of  water.  The  hy- 
drous salt  is  deprived  of  its  water  by  a  low  red  heat,  and  in 
this  state  forms  plaster  of  Paris.  Its  property  of  becoming 
hard,  when  made  into  a  thin  paste  with  water,  is  owing  to 
the  anhydrous  sulphate  combining  chemically  with  that 
liquid,  and  thus  depriving  it  of  its  fluidity. 

Sulphate  of  lime  has  hardly  any  taste.  It  is  considerably 
more  soluble  than  the  sulphates  of  baryta  or  strontia,  re- 
quiring for  solution  about  500  parts  of  cold,  and  400  of 
boiling  water.  Owing  to  this  circumstance,  and  to  its  exist- 
ing so  abundantly  in  the  earth,  it  is  frequently  contained  in 
spring  water,  to  which  it  communicates  the  property  called 
hardness.  When  freshly  precipitated,  it  may  be  dissolved 
completely  by  dilute  nitric  acid.  It  is  commonly  believed  to 
sustain  a  white  heat  without  decomposition ;  but  Dr.  Thom- 
son states,  that  it  parts  with  some  of  its  add  when  heated  to 
redness. 

Sulphate  of  Magaeria. — This  sulphate,  generally  known 
by  the  name  otEpiam  salt,  is  frequently  contained  in  mineral 
springs.  It  may  be  made  directly,  by  neutralizing  dilute 
sulphuric  acid  with  carbonate  of  magnesia ;  but  it  is  procured 
for  the  purposes  of  commerce  by  the  action  of  dilute  sul- 
phuric acid  on  magnesian  limestone,  native  carbonate  of  lime 
and  magnesia. 
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transparent  flattened  four-sided  prisms,  referable  to  a  right 
rhombic  prism,  and  isomorphous  with  Epsom  salts.  The 
crystals  dissolve  in  two  parts  and  a  half  of  cold,  and  are  still 
more  soluble  in  boiling  water.  The  taste  of  this  salt  is 
strongly  styptic.  It.  reddens  vegetable  blue  colours,  though 
in  composition  it  is  a  strictly  neutral  salt,  consisting  of  one 
equivalent  of  each  of  its  elements.     The  crystals  contain  7 

*  •  •  • 

equivalents  of  water,  so  that  their  formula  is  (Z+S)+7  aq* 
Sulphate  of  potash  crystallizes  with  sulphate  of  zinc  as  a 
double  salt  in  flat  rhombic  prisms,  the  acute  edges  of  wbich 
are  replaced  by  planes. 

Sulphate  of  Nickel, — ^This  salt,  like  the  salts  of  nickel  in 
general,  is  of  a  green  colour,  and  crystallizes  from  its  solu- 
tion in  pure  water  in  right  rhombic  prisms  exactly  similar  to 
the  primary  form  of  the  sulphates  of  zinc  and  magnesia.  If 
an  excess  of  sulphuric  acid  is  present,  the  crystals  are  square 
prisms,  which  according  to  Messrs.  R.  Phillips  and  Cooper 
contain  rather  less  water  and  more  acid  than  the  preceding; 
though  the  difierence  is  not  so  great  as  to  indicate  a  different 
atomic  constitution.  (Annals  of  Philosophy,  xxii.  4390  Dr. 
Thomson  says  he  analyzed  both  kinds,  and  found  their  com- 
position identical.  The  formula  of  the  crystallized  salt  is 
(Ni+S)+7  aq.  It  is  soluble  in  about  three  times  its  weight 
of  water  at  60°  F. 

This  salt  crystallizes  with  great  facility  when  mixed  with 
sulphate  of  potash,  as  a  double  sulphate  of  potash  and  nickel, 
with  six  equivalents  of  water,  so  that  its  formula  is  (Ni+S)  + 
(Po4-S)+6aq.  Its  primary  form  is  an  oblique  rhombic 
prism ;  but  the  general  outline  of  the  crystals  is  sometimes 
that  of  a  six-sided  prism.  It  is  isomorphous  with  similar 
double  salts  of  iron  and  manganese. 

Sulphate  of  Cobalt. — ^When  protoxide  of  cobalt  is  digested 
in  dilute  sulphuric  add,  a  red  solution  is  formed  which  by 
evaporation  deposits  crystals  of  the  same  colour.  Mitscher- 
lich  has  shown  that  the  crystals  are  identical  in  composition 
with  protosulphate  of  iron,  their  formula  being  (Co+S)+ 
6  aq. ;  and  Mr.  Brooke^s  measurements  prove  these  salts  to 
be  isomorphous.  (An.  of  Phil.  N.  S.  vi.  120.)  They  are  in- 
soluble in  alcohol,  and  dissolve  in  about  24  parts  of  cold  water. 

Sulphate  of  cobalt  forms  with  the  sulphate  of  potash  and 
of  ammonia  double  salts,  which  in  point  of  form  and  compo- 


-J 


SULPHATES.  666 

qucDce  of  being  quite  free  from  iron.  In  both  of  these  pro- 
ceooes  the  potuh  contained  in  the  alum-rock  is  inadequate 
for  uniting  with  the  sulphate  of  alumina  which  is  obtained, 
and  hence  a  salt  of  potash  must  he  added. 

Alum  has  a  sweetish  astringent  taste.  It  is  soluble  ia 
five  parts  of  water  at  60°  F.,  and  in  little  more  than  its  own 
weight  d  boiling  water.  The  solution  reddens  litmus  paper ; 
but  it  is  doubtful  whether  this  is  owing  to  on  excess  of  acid, 
or  to  the  weak  affinity  existing  between  alumina  and  suL> 
phuric  acid.  (Page  630.)  It  crystallizes  readily  in  octohe- 
drons,  or  in  s^ments  of  the  octohedroo,  and  the  crystals  con- 
tain almost  60  per  cent  of  water  of  crystallization.  On  being 
exposed  to  heat,  they  froth  up  remarkably,  and  part  with  alt 
the  water,  forming  anhydrous  alum,  the  abtmea  UMtum  of  the 
pharmacopcEia.  At  a  full  red  heat  the  alumina  is  deprived 
of  its  add. 

According  to  the  analysis  of  alum  by  Berzelius,  and  adopt- 
ing 35-7  as  the  equivalent  of  alumina,  the  composition  of  that 
salt  may  be  thus  stated  : — 
S««]ui-SiilphtleorAlumini    a  «q.  or  2S-Tx2+40x3   =  I71'4.    Xi+^ 
BolphUe  of  Potuh  1«q.aT47'15-f-40  =     BT-IS.  P»4«! 

W«i*r  24Bq.or9xa4  =  SIR        34  aq. 

Mr.  Phillips  supposes  the  add  and  bases  to  be  arranged 
in  a  somewhat  different  order,  expressed  hy  the  formula 
(Al+^)+(Po+2S) ;  but  the  arrangement  above  given  is 
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This  compound,  which  is  the  ammoniaret  of  copper  of  the 
pharmacopoeia,  contains  sulphuric  acid,  black  oxide  of  copper, 
and  ammonia ;  but  its  precise  nature  has  not  been  determined 
in  a  satisfactory  manner.  It  parts  gradually  with  ammonia 
by  exposure  to  the  air. 

Sulphates  of  Mercury. — ^When  two  parts  of  mercury  are 
gently  heated  in  three  parts  of  strong  sulphuric  acid,  so  as 
to  cause  slow  effervescence,  a  sulphate  of  the  protoxide  of  mer- 
cury is  generated.  But  if  a  strong  heat  is  employed  in  such 
a  manner  as  to  excite  brisk  effervescence,  and  the  mixture  is 
brought  to  dryness,  a  pure  sulphate  of  the  peroxide  results. 
(Donovan  in  An.  of  Phil,  xiv.)  The  former  is  composed  of 
one  equivalent  of  sulphuric  acid  and  one  equivalent  of  the 
protoxide ;  and  the  latter  of  two  equivalents  of  add  and  one 
equivalent  of  the  peroxide.     (Thomson.)     When  this  bisul- 

•  •  •  •  • 

phate,  (Hg+2S),  which  is  the  salt  employed  in  making  cor- 
rosive sublimate,  is  thrown  into  hot  water,  decomposition 
ensues,  and  a  yellow  subsalt,  formerly  called  turpeth  mineral, 
subsides.  This  salt  is  said  by  Mr.  Phillips  to  consist  of  three 
equivalents  of  acid  and  four  equivalents  of  the  peroxide.  The 
hot  water  retains  some  of  the  bisulphate  in  solution,  together 
with  free,  sulphuric  acid. 

Sulphate  of  Silver. — ^As  this  salt  is  rather  sparingly  soluble 
in  water,  it  may  be  formed  by  double  decomposition  from  con- 
centrated solutions  of  nitrate  of  silver  and  sulphate  of  soda. 
It  may  also  be  procured  by  dissolving  silver  in  sulphuric  acid 
which  contains  about  a  tenth  part  of  nitric  acid,  or  by  boiling 
silver  in  an  equal  weight  of  concentrated  sulphuric  acid.  It 
requires  about  80  times  its  weight  of  hot  water  for  solution, 
and  the  greater  part  is  deposited  in  small  needles  on  cooling. 
By  slow  evaporation  from  a  solution  containing  a  little  nitric 
acid,  Mitscherlich  obtained  it  in  the  form  of  a  rhombic  octo- 
hedron,  the  angles  of  which  are  almost  identical  with  that  of 
anhydrous  sulphate  of  soda.  Seleniate  of  silver  is  isomor- 
phous  with  the  sulphate. 

Sulphate  of  silver  forms  with  ammonia  a  double  salt,  which 
crystallizes  in  rectangular  prisms,  the  solid  angles  and  lateral 
edges  of  which  are  commonly  replaced  by  tangent  planes.  It 
consists  of  one  equivalent  of  oxide  of  silver,  one  of  add,  and 
two  of  ammonia ;  and  it  is  formed  by  dissolving  sulphate  of 
silver  in  a  hot  concentrated  solution  of  ammonia,  from  which 
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colours.  It  is  insoluble  \a  alcohol,  but  soluble  in  two  parts 
of  cold,  and  in  three-fourths  of  its  weight  of  boiling  water. 
It  occurs  in  right  rhombic  prisms,  which  are  transparent,  and 
of  a  pate  green  tint ;  but  when  its  water  of  crystf^lization  is 
expelled,  it  is  of  a  dirty  white  colour.S^The  formula  of  the 
crystals  is(Fe+S)+6  aq.  It  is  this  salt  which  is  employed 
in  the  manufacture  of  fuming  sulphuric  acid.     (Page  ^9-) 

Protoeulphate  of  iron  forms  double  salts  with  sulphate  of 
potash  and  sulphate  of  ammonia,  the  former  of  which  con- 
tains six  and  the  latter  eight  equivalents  of  water.  They  are 
isomorphous  with  the  analogous  double  sulphates  of  mag- 
nesia. 

Protosulpbate  of  iron  absorbs  oxygen  ^m  the  air,  espe- 
cially when  in  solution,  by  which  an  insoluble  subsulphate 
of  the  peroxide  of  iron  is  generated,  consisting,  according  to 
Berzelius,  of  one  equivalent  of  sulphuric  acid,  and  four  equi- 
valents of  peroxide  of  iron,  so  that  its  formula  is^Fe+S. 

When  a  scJution  of  protosulphate  of  iron  is  boiled  with  a 
little  nitric  acid,  until  the  liquid  acquires  a  red  colour,  and 
is  then  evaporated  to  dryness  by  a  moderate  heat,  a  salt  re- 
mains, the  greater  part  of  which  is  soluble  both  in  alcohol 
and  water,  and  which  attracts  moisture  from  the  atmosphere. 
The  analyns  of  Berzelius  has  proved  it  to  be  a  compound  of 
40  parts  or  one  equivalent  of  peroxide  of  iron,  and  60  parts 
or  an  equivalent  and  a  half  of  sulphuric  acid.    It  is,  ther^ore. 
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with  one  equivalent  of  ammonia;  and  a  similar  oompound 
was  prepared  by  C.  G.  Mitscherlich,  but  with  two  equivalents 
of  ammonia.  With  most  of  the  other  anhydrous  sulphates 
ammonia  refuses  to  unite. 

On  considering  the  nature  of  these  compounds,  one  is  at 
first  disposed  to  associate  them  with  double  salts,  supposing 
the  acid  to  be  divided  between  the  two  bases.  But  this  opi- 
nion is  rendered  unlikely  by  the  large  quantity  of  combined 
ammonia,  by  the  facility  with  which  the  alkali  is  given  off, 
and  by  the  absence  of  water  so  constantly  present  in  other 
ammoniacal  sulphates.  Rose,  with  much  plausibility,  com- 
pares these  compounds  to  hydrates :  water  acts  as  a  feeble  base 
to  saline  compounds,  combining  with  some  in  one  or  more 
proportions,  and  not  at  all  with  others,  differing  greatly  in 
the  ratio  in  which  it  combines  with  different  salts,  and  being 
abandoned  with  great  facility,  often  by  mere  exposure  to  the 
air.  The  same  features  characterize  the  combinations  of 
ammonia  with  the  anhydrous  sulphates.  (Pog.  Annalen, 
XX.  149.) 

The  sulphates  are  not  the  only  group  of  salts  which  ab- 
sorb ammonia.  Rose  found  that  nitrate  of  silver  unites  with 
three  equivalents  of  ammonia,  and  the  gas,  if  freely  supplied, 
is  at  first  absorbed  with  such  rapidity,  and  the  corresponding 
increase  of  temperature  is  so  great,  that  the  salt  enters  into 
fusion.  Heat  expels  the  ammonia  before  the  nitrate  of  silver 
is  decomposed.  A  similar  compound,  but  with  less  ammonia, 
was  formed  by  C.  Mitscherlich. 

SULPHITES. 

The  salts  of  sulphurous  add  have  not  hitherto  been  mi- 
nutely examined.  The  sulphites  of  potash,  soda,  and  ammo- 
nia, which  are  made  by  neutralizing  those  alkalies  with  sul- 
phurous add,  are  soluble  in  water,  but  most  of  the  other  sul- 
phites, so  far  as  is  known,  are  of  sparing  solubility.  The 
sulphites  of  baryta,  strontia,  and  lime,  are  very  insoluble,  and 
consequently  the  soluble  salts  of  these  earths  decompose  the 
alkaline  sulphites. 

The  stronger  adds,  such  as  the  sulphuric,  muriatic,  phos- 
phoric, and  arsenic  acids,  decompose  all  the  sulphites  with 
effervescence,  owing  to  the  escape  of  sulphurous  add,  which 
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aitioa  accord  entirely  with  the  corresponding  double  salts  of 
protoxide  of  iroD,  magnesia,  and  manganese. 

Sulphate  of  CAro/niitm.— This  salt  may  be  formed  by  satu- 
rating dilute  sulphuric  acid  with  hydrated  oxide  of  chromium. 
It  crystallizes  readily  as  a  double  salt,  in  octohedral  crystals, 
with  sulphateof  potash  and  sulphate  of  ammonia.  Thedouble 
sulphate  with  ammonia,  discovered  by  my  former  assistant, 
Mr.  Warrington,  appears  almost  black  by  reflected,  but  ruby- 
red  by  tranunitted  light.  Sulphate  of  chromium  and  potash 
is  similar  in  its  appearance,  and  is  described  in  his  Lehrbuch 
by  Berzelius,  who  states  its  composition  to  be  exactly  ana- 
logous to  that  of  common  alum. 

Sulphates  of  Copper. — Sulphate  of  the  red  oxide  of  copper 
has  not  been  obtained  in  a  separate  state.  The  sulphate  of 
the  black  oxide,  blue  vitriol^  employed  by  surgeons  as  an 
escharotic  and  astringent,  may  be  prepared  by  roasting  the 
native  sulphuret ;  but  it  is  more  generally  made  by  directly 
dissolving  the  oxide  of  copper  in  dilute  sulphuric  add,  and 
crystallizing  by  evaporation.  This  salt  forms  regular  crystals 
of  a  blue  colour,  reddens  litmus  paper,  and  is  soluble  in  about 
foMF  of  cold,  and  in  two  parts  of  boiling  water.  According  to 
the  researches  of  Proust,  Thomson,  and  Berzelius,  it  contains 
an  equivalent  of  acid  and  base  united  with  5  equivalents  of 
water;  and  hence  its  formula  is  (Cu-|-S)+5aq.  It  is  iso- 
morphous  with  sulphate  of  manganese. 
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more  complicated.  With  nitre,  for  example,  a  nitrate  of  potash 
is  at  first  generated,  with  escape  of  oxygen  gas :  as  the  heat 
increases,  the  nitrous  acid  is  converted  into  binoxide  of  ni- 
trogen and  oxygen,  the  former  of  which  remains  in  combina- 
tion with  potash ;  the  binoxide  is  then  resolved  into  protoxide 
of  nitrogen  and  oxygen,  the  former  being  retained  by  the 
alkali ;  and,  lastly,  nitrogen  gas  is  disengaged,  and  peroxide 
of  potassium  remains.  If  the  operation  is  performed  in  an 
earthen  vessel,  the  peroxide  will  be  more  or  less  decomposed, 
in  consequence  of  the  affinity  of  tb^  earthy  substances  for 
potash.  The  preceding  facts  have  been  chiefly  collected  from 
the  observations  of  Phillips  and  Berzelius.  The  tendency  of 
potash  and  soda  to  unite  with  protoxide  of  nitrogen  was  first 
observed  by  Sir  H.  Davy ;  and  M.  Hess  has  lately  remarked 
that  similar  compounds  are  obtained  with  soda,  baryta,  and 
lime,  as  well  as  potash,  when  their  nitrates  are  heated  until 
the  disengaged  gas  is  found  to  extinguish  a  light. 

As  the  nitrates  are  easily  decomposed  by  heat  alone,  tbej 
must  necessarily  sufier  decomposition  by  the  united  agency  of 
heat  and  combustible  matter.  The  nitrates  on  this  account 
are  much  employed  as  oxidizing  agents,  and  frequently  act 
with  greater  efficacy  even  than  nitro-muriatic  acid.  Thus  me- 
tallic titanium,  which  resists  the  action  of  these  acids,  com- 
bines with  oxygen  when  heated  with  nitre.  The  efficiency  of 
this  salt,  which  is  the  nitrate  usually  employed  for  the  pur- 
pose, depends  not  only  on  the  affinity  of  the  combustible  for 
oxygen,  but  likewise  on  that  of  the  oxidized  body  for  potash. 
The  process  for  oxidizing  substances  by  means  of  nitre  is 
called  deflagration^  and  is  generally  performed  by  mixing  the 
inflammable  body  with  an  equal  weight  of  the  nitrate,  and 
projecting  the  mixture  in  small  portions  at  a  time  into  a  red- 
hot  crucible. 

All  the  neutral  nitrates  of  the  fixed  alkalies  and  alkaline 
earths,  together  with  most  of  the  neutral  nitrates  of  the  com- 
mon metals,  are  composed  of  one  equivalent  of  nitric  add, 
and  one  equivalent  of  a  protoxide.  Consequently,  the  oxygen 
of  the  oxide  and  acid  in  all  such  salts  must  be  in  the  ratio  of 
1  to  5,  the  general  formula  being  R+N. 

The  only  nitrates  found  native  are  those  of  potash,  soda, 
lime,  and  magnesia. 

Nitrate  of  Potash.--This  salt  is  generated  spontaneously 
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occurs  as  an  obtuse  rhombohedron,  which  is  its  primary 
form.  (Mr.  Brooke.)  It  is  plentifully  found  in  the  soil  in 
some  parts  of  India ;  and  at  Atacama  in  Peru  it  corers  large 
districts,  and  occurs  in  immense  quantity*  With  charcoal 
and  sulphur  it  forms  a  mixture  which  bums  much  slower 
than  common  gunpowder,  and  therefore  could  not  be  substi- 
tuted for  nitre ;  but  it  might  be  advantageously  used  in  the 
manufacture  both  of  sulphuric  and  nitric  add.  It  is  dis- 
posed to  deliquesce  in  the  air,  and  is  soluble  in  twice  its  weight 
of  cold  water,  and  still  more  freely  by  the  aid  of  heat. 

Nitrate  of  Ammonia. — Nitrate  of  ammonia  may  be  formed 
by  neutralizing  dilute  nitric  acid  by  carbonate  of  ammonia, 
and  evaporating  the  solution.  This  salt  may  be  procured  in 
three  di£Perent  states,  which  have  been  described  by  Sir  H. 
Davy.  (Researches  concerning  the  nitrous  oxide.)  If  the 
evaporation  is  conducted  at  a  temperature  not  exceeding  100^ 
F.,  the  salt  is  obtained  in  prismatic  crystals  which  are  com- 
posed, according  to  the  experiments  of  Davy,  Berzelius,  and 
Thomson,  of  71  parts  or  one  equivalent  of  neutral  nitrate  of 
ammonia,  and  9  parts  or  one  equivalent  of  water.  If  the  so- 
lution is  evaporated  at  212°  F.,  fibrous  crystals  are  procured ; 
and  if  the  heat  be  gradually  increased  to  300°  F.,  it  forms  a 
brittle  compact  mass  on  cooling.  The  fibrous  and  compact 
varieties  still  contain  water,  the  former  8^  per  cent,  and  the 
latter  5-7.  All  these  varieties  are  deliquescent,  and  very  so- 
luble in  water. 

The  change  which  nitrate  of  ammonia  undergoes  at  a  tem- 
perature varying  between  400°  and  600°  of  F.  has  already 
been  explained.  (Page  244.)  When  heated  to  600°,  it  ex* 
plodes  with  violence,  being  resolved  into  water,  nitrous  add, 
binoxide  of  nitrogen,  and  nitrogen.  The  fibrous  variety 
was  found  by  Sir  H.  Davy  to  yield  the  largest  quantity  of 
protoxide  of  nitrogen.  From  one  pound  of  this  salt  he  pro- 
cured nearly  three  cubic  feet  of  the  gas. 

Nitrate  of  Baryta, — This  salt  is  sometimes  used  as  a  re- 
agent, and  for  preparing  pure  baryta.  It  is  easily  prepared 
by  digesting  the  native  carbonate,  reduced  to  powder,  in 
nitric  acid  diluted  with  eight  or  ten  times  its  weight  of 
water.  The  salt  crystallizes  readily  by  evaporation  in  trans- 
parent octohedrons.  Its  crystals  contain  no  water  of  crystal- 
lization,  and  are  very  apt  to  decrepitate  by  heat  unless  pre- 


may  easily  be  recogDized  by  its  odour.  Nitric  add,  by  yidd- 
ing  oxygen,  coDvertB  the  sulphites  into  sulphates. 

When  the  sulphites  of  the  fixed  alkalies  and  alkaline  eartlis 
are  strongly  heated  in  close  vessels,  a  sulphate  is  generatedj 
and  a  portion  of  sulphur  sublimed.  In  open  vessels  at  a  bigji 
temperature  they  absorb  oxygen,  and  are  converted  into  sul- 
phates; and  a  similar  change  takes  place  even  in  the  cold, 
especially  when  they  are  in  solution.  Gay-Lussac  has  te- 
marked,  that  a  neutral  sulphite  always  forms  a  neutral  sul- 
phate when  its  acid  is  oiddized ;  a  fact  from  which  it  may  be 
inferred,  that  neutral  sulphites  consist  of  one  equivalent  of 
the  acid  and  one  equivalent  of  the  base. 

The  hyposulphates  and  hyposulphites  are  of  such  little 
practical  impiMrtance,  that  it  is  unnecessary  to  describe  indivi- 
dual salts :  their  general  character  has  been  already  given. 
(Pages  284  and  286.)  For  a  particular  description  of  the 
hyposulphates,  the  reader  is  referred  to  an  essay  by  Dr. 
Heeren.     (An.  de  Ch.  et  Ph.  xl.  30.) 

SECTION  II. 

NITRATES.— NITRITES.— CHLORATES.— lODATES. 
NITRATES. 
Tbb  nitrates  may  be  prepared  by  the  action  of  nitric  add 
on  metals,  on  the  salifiable  bases  themselves,  or  on  carbonates. 
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the  peroxide,  but  if  metallic  mercuiy  is  left  in  the  liquid,  a 
pure  protonitrate  is  gradually  deposited.  The  salt  thus  form- 
ed has  hitherto  been  regarded  as  the  neutral  protonitrate ; 
but  according  to  the  analysis  of  M.  C*  Mitscherlich,  (Poggen- 
dorflTs  Annalen,  ix.  387,)  it  is  a  subsalt,  in  which  the  prot- 
oxide and  acid  are  in  the  ratio  of  208  to  36.  This  result, 
however,  requires  confirmation.  The  neutral  protonitrate  is 
said  by  M .  C.  Mitscherlich  to  be  obtained  in  crystals,  by  dis- 
solving the  former  salt  in  pure  water  acidulated  with  nitric 
acid,  and  evaporating  spontaneously  without  the  contact  of 
metallic  mercury  or  uncombined  oxide.  The  crystals  are 
composed  of  208  parts  or  one  equivalent  of  the  protoxide,  64 
parts  or  one  equivalent  of  acid,  and  two  equivalents  of  water. 
These  salts  dissolve  completely  in  water  slightly  acidulated 
with  nitric  acid,  but  in  pure  water  a  small  quantity  of  a  yel- 
low subsalt  is  generated. 

When  mercury  is  heated  in  an  excess  of  strong  nitric  acid, 
it  is  dissolved  with  brisk  effervescence  owing  to  the  escape  of 
binoxide  of  nitrogen,  and  transparent  prismatic  crystals  of 
the  pernitrate  are  deposited  as  the  solution  cools.  It  is  com- 
posed, according  to  Thomson,  of  one  equivalent  of  the  perox- 
ide and  one  of  the  acid ;  and  when  put  into  hot  water  it  is 
resolved  into  a  soluble  salt,  the  composition  of  which  is  un- 
known, and  into  a  yellow  subsalt.  The  latter  was  found  by 
M.  Grouvelle  to  consist  of  one  equivalent  of  acid  to  two  of 
the  peroxide.     (An.  de  Ch.  et  Phys.  xix.) 

Nitrate  of  Silver. — Silver  is  readily  oxidized  and  dissolved 
by  nitric  acid  diluted  with  two  or  three  times  its  weight  of 
water,  forming  a  solution  which  yields  transparent  tabular 
crystals  by  evaporation.  These  crystals,  which  are  anhydrous^ 
undergo  the  igneous  fusion  at  426°  F.,  and  yield  a  crystal- 
line mass  in  cooling ;  but  when  the  temperature  reaches  600° 
or  700°,  complete  decomposition  ensues,  the  acid  being  re- 
solved into  oxygen  and  nitrous  acid,  while  metallic  silver  is 
left.  When  liquefied  by  heat,  and  received  in  small  cylin- 
drical moulds,  it  forms  the  lapis  infernalis  or  lunar  caustic^ 
employed  by  surgeons  as  a  cautery.  The  nitric  acid  appears 
to  be  the  agent  which  destroys  the  animal  texture,  and  the 
black  stain  is  owing  to  the  separation  of  oxide  of  silver.  It 
is  sometimes  employed  for  giving  a  black  colour  to  the  hair, 
and  is  the  basis  of  the  indelible  ink  for  marking  linen. 


in  the  soil,  and  crystallizes  upon  its  surface,  in  several  parts 
of  the  world,  and  especially  in  the  East  Indies,  whence  the 
greater  part  of  the  nitre  used  in  Britain  is  derived.  In  some 
parts  of  the  continent,  it  is  prepared  artificially  from  a  mixture 
of  common  mould  or  porous  calcareous  earth  with  animal  and 
vegetable  remains  containing  nitrc^n.  When  a  heap  of 
these  materials,  preserved  moist  and  in  a  shaded  dtiiation,  is 
moderately  exposed  to  the  air,  nitric  acid  is  gradually  gene- 
rated, and  unites  with  the  potash,  lime,  and  magnesia  which 
are  commonly  present  in  the  mixture.  On  dissolving  these 
salts  in  water,  and  precipitating  the  two  earths  by  carbonate 
of  potash,  a  solution  is  formed,  which  yields  crystals  of  nitre 
by  evaporation.  The  nitric  acid  is  probably  generated  under 
these  circumstances  by  the  nitrogen  of  the  organic  matters 
combining  during  putrefaction  with  oxygen  of  the  atmosphere, 
a  change  which  must  be  attributed  to  the  affinity  of  oxygen  for 
nitrogen,  aided  by  that  of  nitric  acid  for  alkaline  bases.  The 
nitre  made  in  France  is  often  said  to  be  formed  by  this  pro- 
cess ;  but  the  greater  part  is  certainly  obtained  by  lixiviation 
from  certain  kinds  of  plaster  of  old  houses,  where  it  is  gradu- 
ally generated. 

Nitrate  of  potash  is  a  colourless  salt,  which  crystallizes 
readily  in  six-sided  prisms.  Its  taste  is  saline,  accompanied 
with  an  impression  of  coolness.  It  requires  for  solution  seven 
parts  of  water  at  60°  F.,  and  its  own  weight  of  boiling  water. 
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nearly  all  of  them  being  converted  into  metallic  chlorides, 
with  eipolution  of  pure  oxygen  gas.  They  deflagrate  with  in- 
flammable substances  with  greater  violence  than  nitrates, 
yielding  oxygen  with  such  facility  that  an  explosion  is  pro- 
duced by  slight  causes.  Thus,  a  mixture  of  sulphur  with 
three  times  its  weight  of  chlorate  of  potash  explodes  when 
struck  between  two  hard  surfaces.  With  charcoal  and  the 
sulphurets  of  arsenic  and  antimony,  this  salt  forms  similar 
explosive  mixtures ;  and  with  phosphorus  it  detonates  vio- 
lently by  percussion.  One  of  the  mixtures,  employed  in  the 
percussion  locks  for  guns,  consists  of  sulphur  and  chlorate  of 
potash,  vdth  which  a  little  charcoal  or  gunpowder  is  mixed  ; 
but  as  the  use  of  these  materials  is  found  corrosive  to  the 
lock,  fulminating  mercury  is  now  generally  preferred. 

All  the  chlorates  hitherto  examined  are  soluble  in  water, 
excepting  the  protochlorate  of  mercury,  which  is  of  sparing 
solubility.  These  salts  are  distinguished  by  the  action  of 
strong  muriatic  and  sulphuric  acids,  the  former  of  which  oc- 
casions the  disengagement  of  chlorine  and  protoxide  of  chlo- 
rine, and  the  latter  of  peroxide  of  chlorine. 

None  of  the  chlorates  are  found  native,  and  the  only  ones 
that  require  particular  description  are  those  of  potash  and 
baryta. 

Chlorate  of  Potash. — This  salt,  formerly  called  oxymuriate 
or  hyper-oxymuriate  of  potash^  is  colourless,  and  crystallizes 
in  four  and  six-sided  scales  of  a  pearly  lustre.  Its  primary 
form  is  stated  by  Mr.  Brooke  to  be  an  oblique  rhombic 
prism.  It  is  soluble  in  sixteen  times  its  weight  of  water  at 
60^  F.,  and  in  two  and  a  half  of  boiling  water.  It  is  quite 
anhydrous,  and  when  eitposed  to  a  temperature  of  400^  or 
500^  F.  undergoes  the  igneous  fusion.  On  increasing  the 
heat  almost  to  redness,  efiervescenoe  ensues,  and  pure  oxygen 
gas  is  disengaged,  phenomena  which  have  been  explained  in 
the  section  on  oxygen.  It  can  bear  a  heat  of  660^  without 
decomposition. 

Chlorate  of  potash  is  made  by  transmitting  chlorine  gas 
through  a  concentrated  solution  of  pure  potash,  until  the 
alkali  is  completely  neutralized.  The  solution  which,  after 
being  boiled  for  a  few  minutes,  contains  nothing  but  muriate 
and  chlorate  of  potash  (page  307),  is  gently  evaporated  till  a 
pellicle  forms  upon  its  surface,  and  is  then  allowed  to  cool. 


vioualy  reduced  to  powder.  They  require  12  parts  of  water 
at  60°  F.,  and  three  or  Tour  of  boiling  water  for  sdution. 
They  undergo  the  igneous  fusion  in  the  fire  before  being  de- 
composed.    They  are  insoluble  in  alcohol. 

Nitrate  of  Slrontia. — This  salt  may  be  made  from  Etron- 
tianite  in  the  same  manner  as  the  foregoing  compound,  to 
which  it  is  exceedingly  analogous.  It  is  anhydrous,  crystal- 
lizes in  the  form  of  the  regular  octohedron,  and  undergoes  no 
change  in  a  moderately  dry  atmosphere.  On  some  occamms 
this  salt  contains  water  of  crystallization  ;  and  then  assumes 
the  form  of  a  prism  with  ten  sides  and  two  summits.  The 
hydrous  salt,  according  to  Mr.  Cooper,  contains  SIS  per 
cent  of  water. 

Nitratei  of  Lime  and  Magnesia. — These  salts  are  very  de- 
liquescent, and  soluble  in  alcohoL  By  this  character,  nitrate 
of  lime  is  easily  distinguished  and  separated  from  the  nitrates 
of  baryta  and  strontia.     (Page  468.) 

Nitrate  of  Copper. — This  salt  is  prepared  by  the  action  of 
nitric  add  on  copper.  (Page  247.)  It  crystallizes,  thou^ 
with  some  difficulty,  in  prisms,  which  are  of  a  deep-blue  co- 
lour, and  deliquesce  on  exposure  to  the  air.  The  ciystals 
are  composed  of  an  equivalent  of  acid  and  of  base,  united 
with  63  parts  or  7  equivalents  of  water.  (Thomson.)  Ita 
formula  is  (Cu-i'f^)+7aq.    The  green  insoluble  subsalt,  im»- 
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combustible  matters;  and  on  being  heated  to  low  redness^ 
oxygen  gas  is  disengaged  and  a  metallic  iodide  remains.  As 
the  affinity  of  iodine  for  metals  is  less  energetic  than  that  of 
chlorine,  many  of  the  iodates  part  with  iodine  as  well  as 
oxygen  when  heated,  especially  if  a  high  temperature  is  em- 
ployed. 

The  iodates  are  easily  recognised  by  the  facility  with  which 
their  acid  is  decomposed  by  deoxidizing  agents.  Thus,  sul- 
phurous, phosphorous,  muriatic,  and  hydriodic  acids,  deprive 
iodic  acid  of  its  oxygen,  and  set  iodine  at  liberty.  Sul- 
phuretted hydrogen  not  only  decomposes  the  acid  of  these 
salts,  but  occasions  the  formation  of  hydriodic  acid  by  yield- 
ing hydrogen  to  the  iodine.  Hence  an  iodate  may  be  con- 
verted  into  a  hydriodate  by  transmitting  a  current  of  sulphur- 
etted hydrogen  gas  through  its  solution. 

None  of  the  iodates  have  been  found  native.  They  are  all 
of  very  sparing  solubility,  or  actually  insoluble  in  water,  ex- 
cepting the  iodates  of  the  alkalies. 

Iodate  of  Potash, — ^This  salt  may  be  procured  by  adding 
iodine  to  a  concentrated  hot  solution  of  pure  potash,  until  the 
alkali  is  completely  neutralized.  The  liquid,  which  contains 
iodate  and  hydriodate  of  potash,  (page  333-4,)  is  evaporated  to 
dryness  by  a  gentle  heat,  and  the  residue,  when  cold,  is  treat- 
ed by  repeated  portions  of  boiling  alcohol.  The  iodate,  which 
is  insoluble  in  that  menstruum,  is  left,  while  the  hydriodate 
of  potash  is  dissolved.  A  better  process  has  been  recom- 
mended by  M.  Henry,  jun.,  founded  on  the  property  which 
iodide  of  potassium  possesses,  of  absorbing  oxygen  while  ia 
the  act  of  escape  from  decomposing  chlorate  of  potash.  For 
this  purpose  iodide  of  potassium  is  fused  in  a  capacious  Hes- 
sian crucible,  and  when,  after  removal  from  the  fire,  it  is  yet 
semi-fluid,  successive  portions  of  pulverized  chlorate  of  potash 
are  projected  into  it,  stirring  well  after  each  addition.  The 
materieJs  froth  up  considerably,  and  when  the  action  is  over, 
a  white,  opaque,  ceUular  mass  remains,  easily  separable  from 
the  crucible :  tepid  water  dissolves  out  the  chloride  of  potas- 
sium, and  leaves  the  iodate.  Convenient  proportions  are  one 
part  of  iodide  of  potassium  and  rather  more  than  one  and  a 
half  of  chlorate  of  potash.  (Journ.  de  Pharmade,  July  1832.) 

All  the  insoluble  iodates  may  be  procured  from  this  salt  by 
double  decomposition.    Thus  iodate  of  baryta  may  be  fcnrmed 
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Pure  nitrate  of  alver,  whether  fused  or  in  crystals,  is 
colourless  and  transparent,  and  does  not  deliquesce  by  expo- 
sure to  the  air ;  but  common  lunar  caustic  is  dark  and 
opaque,  and  dissolves  imperfectly  in  water,  owing  to  some  of 
the  nitrate  being  decomposed  during  its  preparation.  It  is 
impure  also,  always  containing  nitrate  of  copper,  and  fre- 
quently  traces  of  gold.  The  pure  salt  is  soluble  in  its  own 
weight  of  cold,  and  in  half  its  weight  of  hot  water.  It  dis- 
solves also  in  four  times  its  weight  of  alcohol.  Its  aqueous 
solution,  if  preserved  in  clear  glass  vessels,  undergoes  little  or 
no  change  even  in  the  direct  solar  rays ;  but  when  exposed 
to  light,  especially  to  sunshine,  in  contact  with  paper,  the 
skin,  or  any  organic  substance,  a  black  slain  is  quickly  pro- 
duced, owing  to  decomposition  of  the  salt  and  reduction  of 
its  oxide  to  the  metallic  state.  This  change  is  so  constant, 
that  nitrate  of  silver  constitutes  an  extremely  ddicate  test  of 
the  presence  of  organic  matter,  and  has  been  properly  recom- 
mended as  such  by  Dr.  John  Davy.  Its  solution  is  always 
kept  in  the  laboratory  as  a  test  for  chlorine  and  muriatic  acid. 

Nitrate  of  silver,  even  aAer  fusion,  reddens  vegetable 
colouring  matters ;  but  it  is  neutral  in  composition,  consist- 
ing of  one  equivalent  of  acid  and  one  of  the  oxide. 

NITRITES. 
Little  is  known  with  certainty  conceminf;  the  compounds 
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combustible  matters;  and  on  being  heated  to  low  redness^ 
oxygen  gas  is  disengaged  and  a  metallic  iodide  remains.  As 
the  affinity  of  iodine  for  metals  is  less  energetic  than  that  of 
chlorine,  many  of  the  iodates  part  with  iodine  as  well  as 
oxygen  when  heated,  especially  if  a  high  temperature  is  em- 
ployed. 

The  iodates  are  easily  recognised  by  the  facility  with  which 
their  acid  is  decomposed  by  deoxidizing  agents.  Thus,  sul- 
phurous, phosphorous,  muriatic,  and  hydriodic  acids,  deprive 
iodic  acid  of  its  oxygen,  and  set  iodine  at  liberty.  Sul- 
phuretted hydrogen  not  only  decomposes  the  acid  of  these 
salts,  but  occasions  the  formation  of  hydriodic  acid  by  yield- 
ing hydrogen  to  the  iodine.  Hence  an  iodate  may  be  con- 
verted into  a  hydriodate  by  transmitting  a  current  of  sulphur- 
etted hydrogen  gas  through  its  solution. 

None  of  the  iodates  have  been  found  native.  They  are  all 
of  very  sparing  solubility,  or  actually  insoluble  in  water,  ex- 
cepting the  iodates  of  the  alkalies. 

Iodate  of  Potash. — This  salt  may  be  procured  by  adding 
iodine  to  a  concentrated  hot  solution  of  pure  potash,  until  the 
alkali  is  completely  neutralized.  The  liquid,  which  contains 
iodate  and  hydriodate  of  potash,  (page  333-4,)  is  evaporated  to 
dryness  by  a  gentle  heat,  and  the  residue,  when  cold,  is  treat- 
ed by  repeated  portions  of  boiling  alcohol.  The  iodate,  which 
is  insoluble  in  that  menstruum,  is  left,  while  the  hydriodate 
of  potash  is  dissolved.  A  better  process  has  been  recom- 
mended by  M.  Henry,  jun.,  founded  on  the  property  which 
iodide  of  potassium  possesses,  of  absorbing  oxygen  while  ia 
the  act  of  escape  from  decomposing  chlorate  of  potash.  For 
this  purpose  iodide  of  potassium  is  fused  in  a  capacious  Hes- 
sian crucible,  and  when,  after  removal  from  the  fire,  it  is  yet 
semi-fluid,  successive  portions  of  pulverized  chlorate  of  potash 
are  projected  into  it,  stirring  well  after  each  addition.  The 
matericds  froth  up  considerably,  and  when  the  action  is  over, 
a  white,  opaque,  cellular  mass  remains,  easily  separable  from 
the  crucible :  tepid  water  dissolves  out  the  chloride  of  potas- 
sium, and  leaves  the  iodate.  Convenient  proportions  are  one 
part  of  iodide  of  potassium  and  rather  more  than  one  and  a 
half  of  chlorate  of  potash.  (Journ.  de  Pharmacie,  July  1832.) 

All  the  insoluble  iodates  may  be  procured  from  this  salt  by 
double  decomposition.    Thus  iodate  of  baryta  may  be  formed 
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The  pvater  part  of  the  chlorate  crjBtalUzeB,  while  the  muii- 
ate  remains  io  Bolution.  The  crystals,  after  being  washed 
with  cold  water,  may  be  purified  by  a  second  crystallization. 

Chlorate  of  Baryta  is  of  interest,  as  being  the  compouiid 
employed  io  the  fonnation  of  chloric  acid,  and  the  readiest 
mode  of  preparing  it  is  by  the  process  of  Mr,  Wheeler.  On 
digesting  for  a  few  minutes  a  concentrated  solution  of  cblo- 
rate  of  potash  with  a  slight  excess  of  silicated  hydrofliMmc 
add,  the  alkali  is  precipitated  in  the  form  of  an  insoluble 
double  hydrofluate  of  silica  and  potash,  while  chloric  add 
remains  in  solution.  The  liquid  after  filtration  is  neutralized 
by  carbonate  of  baryta,  which  likewise  throws  down  the  ex- 
cess of  hydroduoric  acid  and  silica.  The  silicated  hydro- 
fluoric acid  employed  in  the  process  is  made  by  c<MiductiDg 
fluosilidc  add  gas  into  water. 

Perckloratei. — The  neutral  proto-salts  of  perchloric  add 
consist  of  one  equivalent  of  add  and  base,  as  is  expressed  by 
the  formula  R+Cl-  Most  of  these  salts  are  deliquescent* 
very  soluble  in  water,  and  soluble  in  alcohol :  four  only  were 
found  by  Serullas  to  be  not  deliquescent, — the  perchloratea 
of  pota^,  ammonia,  oxide  of  lead,  and  protoxide  of  mercury. 
When  heated  to  redness  thej  yield  oxygen  gas  and  metallic 
chlorides ;  and  they  are  distinguished  from  the  chlorates  hy 
not  acquiring  a  yellow  tint  on  the  addition  of  muriatic  acid. 
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phosphates  of  lime,  baryta,  and  strontia,  undergo  no  change. 
The  neutral  phosphates,  excepting  those  of  potash,  soda,  and 
ammonia,  are  of  sparing  solubility  in  pure  water ;  but  they 
are  all  dissolved  without  effervescence  in  an  excess  of  phos- 
phoric or  nitric  acid,  and  are  precipitated,  for  the  most  part 
unchanged,  from  the  acid  solutions  by  pure  ammonia.  Of 
all  the  phosphates,  those  of  baryta,  lime,  and  lead^  and  espe- 
cially the  latter,  are  the  most  insoluble. 

Since  phosphoric  acid,  from  the  ratio  of  its  ingredients,  is 
considered  a  compound  of  2  atoms  of  phosphorus  to  6  of 

oxygen,  expressed  by  P,  while  its  neutralizing  power  appears 
equal  to  half  that  quantity,  (page  291)}  all  the  phosphates  of 

protoxides  may  be  represented  by  the  formula  R-f  i(P). 
Hence  in  a  neutral  phosphate  the  oxygen  of  the  oxide  to  that 
of  the  acid  is  in  the  ratio  of  1  to  2*5. 

The  presence  of  a  neutral  phosphate  in  solution  may  be 
distinguished  by  the  tests  already  mentioned  in  the  section 
on  phosphorus.  (Page  292.)  The  insoluble  phosphates  are 
decomposed  when  boiled  with  a  strong  solution  of  carbonate 
of  potash  or  soda,  the  acid  uniting  with  the  alkali  so  as  to 
form  a  soluble  phosphate.  The  earthy  phosphates  yield  to 
this  treatment  with  some  difficulty,  and  require  continued 
ebullition. 

Several  phosphates  are  met  with  in  the  native  state,  such 
as  those  of  lime,  alumina,  manganese,  iron,  uranium,  copper, 
and  lead. 

Phosphate  of  Potash. — ^This  salt  may  be  prepared  by  a 
process  analogous  to  that  described  for  the  formation  of  phos- 
phate of  soda.  It  is  deliquescent,  and  has  not  been  procured 
in  regular  crystals.  It  consists  of  35'7  parts  or  one  equiva* 
lent  of  phosphoric  acid,  and  47*15  parts  or  one  equivalent  of 
potash. 

The  biphosphate  may  be  formed  by  adding  phosphoric  acid 
to  carbonate  of  potash  until  the  liquid  ceases  to  yield  a  preci- 
pitate with  muriate  of  baryta,  and  setting  aside  the  solution 
to  crystallize.  The  primary  form  of  the  crystals  is  an  octo- 
hedron  with  a  square  base;  but  they  commonly  occur  in 
square  prisms  terminated  by  the  planes  of  the  primary 
form.  They  are  composed  of  one  equivalent  of  potash,  two 
of  phosphoric  acid,  and  two  of  water ;  as  expressed  by  the 

formula  (Po + P)  -H 2aq.     (Mitscherlich.) 
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b;  mixing  muriate  of  baryta  with  a  solution  of  iodate  of 
potash. 

A  biniodate  of  potash  has  been  described  by  Senillas.  It 
is  formed  by  incompletely  neutralizing  a  hot  solution  of  chlo- 
ride of  iodine  with  potash  or  its  carbonate,  and  setting  it  aside 
to  cool.  A  peculiar  compound  of  chloride  of  potasdum  and 
biniodate  of  potash  falls ;  but  on  dissolving  this  substance, 
filtering,  and  exposing  the  solution  to  a  temperature  of  77°  F., 
the  biniodate  is  gradually  deposited  in  right  rhombic  prisms 
terminated  by  dihedral  summits.  It  is  soluble  in  75  times 
its  weight  of  water  at  59°- 

A  teriodate  of  potash  may  be  formed  by  mixing  a.  large 
excess  of  sulphuric  acid  with  a  moderately  dilute  solution 
of  iodate  of  potash.  On  evaporating  at  77°  F.,  the  teriodate 
is  deposited  in  regular  rhomboidol  crystals,  which  require  25 
times  their  weight  of  water  at  60°  for  solution. 

SeruUas  states  that  the  compound  of  chloride  of  potassium 
and  biniodate  of  potash,  above  mentioned,  may  be  formed  by 
the  action  of  muriatic  acid  on  iodate  of  potash.  By  spontane- 
ous evaporation  it  is  obtained,  sometimes  in  brilliant,  trans- 
parent, elongated  prisms,  and  at  other  times  in  hexagonal 
laminie;  but  generally  it  crystallizes  in  right  quadrangular 
prisms  with  their  lateral  edges  truncated,  and  terminated  by 
four-sided  summits.     (An.  de  Ch.  et  Ph.  xliii.  113.) 

Bromates. — These  compounds  have  many  characters  in 
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of  its  ordinary  crystals  is  a  right  rhombic  prism,  the  smaller 
angle  of  which  is  93°  54'. 

A  double  phosphate  of  potash  and  soda  may  be  formed  by 
neutralizing  biphosphate  of  potash  with  carbonate  of  soda. 
The  primary  form  of  its  crystals  is  an  oblique  rhombic  prism, 
which  frequently  occurs  without  any  modification.  The  crys- 
tals consist  of  one  equivalent  of  each  base,  and  two  of  acid. 

Phosphate  of  Soda  and  Ammonia. — This  salt  is  easily  pre- 
pared by  mixing  together  one  equivalent  of  muriate  of  am- 
monia and  two  equivalents  of  phosphate  of  soda,  each  being 
previously  dissolved  in  a  small  quantity  of  boiling  water. 
As  the  liquid  cools,  prismatic  crystals  of  the  double  phos- 
phate are  deposited,  while  muriate  of  soda  remains  in  solution. 
Their  primary  form  is  an  oblique  rhombic  prism.  This  salt 
has  been  long  known  by  the  name  of  microcosmic  salty  and  is 
much  employed  as  a  flux  in  experiments  with  the  blow-pipe. 
When  heated  it  parts  with  its  water  and  ammonia,  and  a  very 
fusible  biphosphate  of  soda  remains.  It  is  composed  of  one 
equivalent  of  phosphate  of  soda,  one  equivalent  of  phosphate 
of  ammonia,  and  ten  equivalents  of  water. — (Mitscherlich.) 

Phosphate  of  Ammonia. — This  salt  is  formed  by  adding 
ammonia  to  concentrated  phosphoric  acid  until  a  precipitate 
appears.  On  applying  heat  the  precipitate  is  dissolved,  and 
on  abandoning  the  solution  to  itself,  the  neutral  salt  crystal- 
lizes. The  primary  form  of  the  crystals  is  an  oblique  rhombic 
prism,  the  smaller  lateral  angle  of  which  is  84°  Sff.  They 
often  occur  in  rhombic  prisms  with  dihedral  summits.  They 
appear  to  contain  an  equivident  and  a  half  of  water.  (Mit- 
scherlich.) 

The  biphosphate  is  made  in  the  same  manner  as  the  pre- 
ceding biphosphates.  The  crystals  are  less  soluble  than  the 
neutral  phosphate,  and  undergo  no  change  on  exposure  to 
the  air.  Their  primary  form  is  an  octohedron  with  a  square 
base ;  but  the  right  square  prism,  terminated  by  the  faces  of 
the  primary  form,  is  the  most  frequent.  They  consist  of  one 
equivalent  of  ammonia,  two  of  acid,  and  three  of  water. 

Phosphate  of  Lime. — Chemists  differ  exceedingly  as  to  the 
number  of  compounds  which  phosphoric  acid  is  capable  of 
forming  with  lime.  There  seems  no  doubt,  however,  from 
the  researches  of  Berzelius  and  others,  that  phosphate  of  lime, 
as  it  exists  in  bones,  or  as  obtained  by  mixing  muriate  of  lime 
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tected  from  this  agent,  it  yields  on  drying  an  anhydrous  yel- 
low powder,  which  has  a  specific  gravity  of  7"321  (Stromeyer). 
Its  colour  changes  on  the  application  of  heat  to  a  reddish 
brown,  but  its  original  tint  returns  on  cooling.  It  bears  a 
red  heat  without  fusion  :  at  a  white  heat  it  fuses,  and  if  kept 
for  some  time  in  a  fused  state  a  portion  of  pyrophosphate  is 
generated*  Berzelius  found,  by  a  very  careful  analysis,  that 
100  parts  of  phosphoric  acid  are  united  in  the  yellow  phos- 
phate with  488  of  oxide  of  silver,  and  hence  it  is  composed  of 
three  equivalents  of  this  oxide  and  2  equivalents  of  phospho- 

ric  acid,  its  formula  bemg  3  Ag-f  P. 

Pyrophosphates. — ^The  only  pyrophosphates  which  have 
been  carefully  studied  are  those  of  soda  and  silver.  The 
former  is  readily  prepared  by  the  action  of  heat  on  phos- 
phate of  soda,  as  was  mentioned  in  the  section  on  phosphorus. 
(Page  289*)  When  the  ignited  mass  is  dissolved  in  water, 
and  the  solution  set  aside  to  evaporate  spontaneously,  crystals 
are  obtained,  having  the  general  outline  of  an  irregular  siz- 
sided  prism,  and  the  primary  form  of  which  is  a  rhombic  octo- 
hedron.  (Haidinger.)  These  crystals  are  permanent  in  the 
air,  much  less  soluble  in  water  than  the  common  phosphate^ 
and  contain  five  equivalents  of  water. 

The  oxides  of  most  metals  of  the  second  class  yield  with 
pyrophosphoric  acid  insoluble  or  sparingly  soluble  salts, 
which  may  be  prepared  by  double  decomposition  with  pjro-^ 
phosphate  of  soda.  It  should  be  held  in  view,  however,  as 
Stromeyer  has  remarked,  that  most  of  these  salts  are  more  or 
less  soluble  in  an  excess  of  pyrophosphate  of  soda ;  and  that 
some  of  them,  such  as  the  pyrophosphate  of  lead,  copper, 
nickel,  cobalt,  uranium,  bismuth,  manganese,  and  protoxide 
of  mercury,  are  dissolved  by  it  with  great  facility. 

Berzelius  has  shown  that  there  are  three  pyrophosphates 

of  silver.  The  neutral,  Ag+j(P),  composed  of  an  equiva- 
lent of  oxide  of  silver  and  85*7  parts  or  an  equivalent  of 
pyrophosphoric  acid,  is  formed  when  solutions  of  pyrophos- 
phate of  soda  and  fused  nitrate  of  silver  are  mixed  together. 
The  residual  solution  is  quite  neutral,  and  the  white  precipi- 
tate fuses  with  great  facility  even  at  a  heat  short  of  incan- 
descence, into  a  dark  brown  coloured  liquid,  which  becomes  a 
crystalline  enamel  on  cooling. 
The  bi-pyrophosphate,  also  of  a  white  colour,  falls  when 
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with  neutral  phosphate  of  soda  in  excess,  is  composed  of  36-7 
parts  or  one  equivalent  of  phosphoric  acid,  and  S8  5  or  one 
equivalent  of  lime.  This  is  the  compound  of  which  many 
urinary  concretions  consist. 

Biphosphate  of  lime  may  be  prepared  by  dissolving  phos- 
phate of  lime  in  a  slight  excess  of  phosphoric  acid.  It  is  very 
soluble  in  water,  but  does  not  crystallize.  A  superphosphate 
is  also  formed  by  the  action  of  sulphuric  acid  on  phosphate  of 
lime ;  but  whether  it  is  really  a  biphosphate  mixed  with  free 
phosphoric  acid,  or  some  supersalt  with  a  still  larger  pro- 
portion of  acid,  is  as  yet  uncertain.  The  biphosphate  exists 
in  the  urine. 

Phosphate  of  Ammonia  and  Magnetia, — The  simple  phos- 
phate of  magnesia,  which  is  prepared  by  mixing  a  solulioD  of 
sulphate  of  magnesia  with  phosphate  of  soda,  is  of  little  iiw 
terest ;  but  the  double  phosphate  is  of  importance  as  consti- 
tuting a  distinct  species  of  urinary  concretion.  It  is  easily, 
procured  by  adding  carbonate  of  ammonia  and  afterwards 
phosphate  of  soda  to  a  solution  of  sulphate  of  magnesia,  when 
the  double  phosphate  subsides  in  the  form  of  minute  crystal- 
line grains.  This  salt  is  insoluble  in  pure  water ;  but  it  is 
dissolved  by  most  acids,  even  by  the  acetic,  and  is  pn^pi- 
tated  unchanged  when  the  solution  is  neutralized  by  ammonia. 

The  composition  of  this  salt  has  not  been  satisfactorily  de- 
termined.    On  exposure  to  heat  it  emits  water  and  ammonia, 
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alkaline  carbonates  in  the  manner  described  for  forming  the 
phosphates.  Binarseniate  of  potash  may  be  formed  conve- 
niently by  heating  to  redness  equal  parts  of  nitrate  of  potash 
and  arsenious  acid^  and  continuing  the  heat  until  the  effer- 
vescence arising  from  the  nitre  has  ceased.  These  salts  are  so 
similar  to  the  corresponding  phosphates  both  in  form  and 
composition,  that  a  particular  description  is  unnecessary. 

When  arseniate  of  soda  is  mixed  in  solution  with  nitrate  of 
silver,  a  brick-red  precipitate  falls,  which  is  a  sub-arseniate  of 
silver,  analogous  in  composition  to  the  yellow  phosphate :  it 
consists  of  three  equivalents  of  oxide  of  silver  and  2  equiva- 
lents of  arsenic  acid,  and  its  formula  is3Ag+As.  This  is 
another  instance  of  similarity  in  character  between  isomor- 
phous  compounds. 

ARSENITES. 

The  only  soluble  compounds  of  arsenious  acid  and  salifiable 
bases  known  to  chemists  are  the  arseniates  of  potash,  soda, 
and  ammonia,  which  may  be  prepared  by  boiling  a  solution 
of  these  alkalies  in  arsenious  acid.  The  other  arseniates  are 
insoluble,  or,  at  most,  sparingly  soluble  in  pure  water ;  but 
they  are  dissolved  by  an  excess  of  their  own  acid,  with  great 
facility  by  nitric  acid,  and  by  most  other  acids  with  which 
their  bases  do  not  form  insoluble  compounds.  The  insoluble 
arsenites  are  easily  formed  by  the  way  of  double  decom- 
position. 

All  the  arsenites  are  decomposed  when  heated  in  close 
vessels,  the  arsenious  acid  being  either  dissipated  in  vapour 
or  converted,  with  disengagement  of  some  metallic  arsenic, 
into  arseniates.  Heated  with  charcoal  or  black-flux,  the  add 
is  reduced  with  facility.     (Page  635.) 

The  soluble  arsenites,  if  quite  neutral,  are  characterized 
by  forming  a  yellow  arseniate  of  silver  when  mixed  with  the 
nitrate  of  that  base,  and  a  green  arsenite  of  copper,  ScheeWt 
green^  with  sulphate  of  copper.  When  acidulated  with  acetic 
dr  muriatic  acid,  sulphuretted  hydrogen  causes  the  formation 
of  orpiment.  The  insoluble  arsenites  are  all  decomposed 
when  boiled  in  a  solution  of  carbonate  of  potash  or  soda. 

The  arsenite  of  potash  is  the  active  principle  of  Fowler's 
arsenical  solution. 
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an  aqueous  acJulion  of  recently  ignited  pbosphoric  acid  ii 
mixed  with  a  solution  of  nitrate  of  silver.  It  may  be  washed 
by  cold  water  witbout  material  decomposition,  and  is  com- 
posed of  two  equivalents  of  acid  to  one  of  oxide  of  silver,  its 
formula  being  Ag+_P. 

When  the  bi-pyrophosphate,  while  moist,  is  put  into  boil- 
ing water  it  is  speedily  converted  by  loss  of  acid  into  sesqui- 
pyrophosphate  of  silver,  which  is  fused  by  the  heat,  and  sub- 
sides as  a  gray  viscid  matter  like  turpentine.  It  consists  as 
its  name  implies,  of  one  equivalent  of  oxide  of  silver  and  1^ 
eq.  ofpyrophosphoricacid,  so  that  its  formula  is  Ag+li'i(P) 
or  Ag-l-J(P).  All  these  pyrophosphates  are  converted  into 
phosphate  of  silver  when  boiled  in  a  solution  of  phosphate  of 
soda. 

ARSENIATES. 

All  the  arseniatee  are  sparingly  soluble  in  water,  excepting 
those  of  potash,  soda,  ammonia,  and  perhaps  lithia ;  but  they 
are  all  dissolved  without  effervescence  by  dilute  nitric  acid  as 
well  as  most  other  acids  which  do  not  precipitate  the  base  of 
the  salt,  and  are  thrown  down  again  unchanged  hy  pure  am- 
monia. Most  of  them  bear  a  red  beat  without  decompoai- 
tion  i  but  they  are  all  decomposed  hy  being  heated  to  red- 
ness along  with  charcoal,  metallic  arsenic  being  set  at  liberty. 
The  arseniates  of  the  fixed  alkalies  and  alkaline  earths  re- 
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colour,  the  primary  form  of  which,  according  to  Mr.  Brooke, 
is  a  right  rhombic  prism. 

Chromate  of  potash  has  a  cool,  bitter,  and  disagreeftUe 
taste.  It  is  soluble  to  great  extent  in  boiling  water,  and  in 
twice  its  weight  of  that  liquid  at  60°  Fah.;  but  it  is  insoluble 
in  alcohol.  It  has  an  alkaline  refaction,  and  on  this  account 
M.  Tassaert*  regards  it  as  a  subsalt ;  but  Dr.  Thomson  has 
proved  that  it  is  neutral  in  composition,  consisting  of  52 
parts  or  one  equivalent  of  chromic  acid,  and  47*15  parts 
or  one  equivalent  of  potash.^f* 

Bichromate  of  potash,  which  is  made  in  large  quantity  al 
Olasgow  for  dyeing,  is  prepared  by  acidulating  the  neutral 
chromate  with  sulphuric  or  still  better  with  acetic  add^  and 
allowing  the  solution  to  crystallise  by  spontaneous  evapora^ 
tion.  When  slowly  formed  it  is  deposited  in  foar-sided  tabu- 
lar crystals,  the  primary  form  of  which,  is  an  oblique  rhombic 
prism.  They  have  an  exceedingly  rich  red  colour,  are  anhy- 
drous, and  consist  of  one  equivalent  of  the  alkali,  and  two 
equivalents  of  chromic  acid.  (Thomson.)  They  are  soluble 
in  about  ten  times  their  weight  of  water  at  60°  F.,  and  the 
solution  reddens  litmus  paper. 

The  insoluble  salts  of  chromic  acid,  such  as  the  cbromates 
of  baryta,  zinc,  lead,  protoxide  of  mercury,  and  silver,  are 
prepared  by  mixing  the  soluble  salts  of  those  bases  with  a  so- 
lution of  chromate  of  potash.  The  three  former  are  yeUow, 
the  fourth  orange-red,  and  the  fifth  deep  red  or  purple.  The 
yellow  chromate  of  lead,  which  consists  of  one  equivalent  of 
acid,  and  one  equivalent  of  oxide,  is  now  extensively  used  as 
a  pigment,  and  the  chromate  of  zinc  may  be  used  for  the  same 
purpose. 

A  dichromate  of  lead,  composed  of  one  equivalent  of  chro- 
mic add,  and  two  equivalents  of  protoxide  of  lead,  may  be 
formed  by  boiling  carbonate  of  lead  with  excess  of  chromate 
of  potash.  It  is  of  a  beautiful  red  colour,  and  has  been  re* 
commended  by  Mr.  Badams  as  a  pigment.  (Annals  of  Phi- 
losophy, N.  S.  vol.  ix.  p.  303.)  It  may  be  also  made  by 
boiling  chromate  of  lead  with  ammonia  or  lime-water.  Liebig 
and  Wbhler  prepare  it  by  fusing  nitre  at  a  low  red  heat,  and 
adding  chromate  of  lead  by  degrees  until  the  nitre  is  nearly 
exhausted.    The  chromate  of  potash  and  nitre  are  then  re- 

*  An.  de  Ch.  et  de  Ph.  vol.  xxii.  t  Annals  of  Philosophy*  vol.  xvi. 
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SECTION  IV. 

CHROMATES.— BORATES^FLUOBO  RATES. 
CHROHATES. 

Thb  salts  of  chromic  add  are  mostly  either  of  a  yellow  w 
red  colour,  the  latter  tint  predominating  whoever  the  add  is 
in  excess.  The  chromates  of  the  cummun  metals  are  decom- 
posed by  a  strong  red  heat,  by  which  the  add  is  resolved  intq 
the  green  oxide  of  chromium  and  oxygen  gas ;  but  the  cbro^ 
mates  of  the  fixed  alkalies  sustain  a  very  high  temperature 
without  decompodtioo.  They  are  all  decomposed  without  ex^ 
ception  by  the  united  agency  of  heat  and  combustible  matter. 
The  neutral  chromates  of  protoxides  are  similar  in  ctmstitutiou 
to  the  sulphates,  being  formed  of  one  equivalent  of  the  baae 
and  one  of  chromic  add,  the  formula  bdng  6.+Cr. 

The  chromates  are  in  general  sufBciently  distinguished  by 
their  colour.  They  may  be  known  chemically  by  the  follow- 
ing character:— On  boiling  a  chromate  in  muriatic  add  mixed 
with  alcohol,  the  chromic  acid  is  at  first  set  free,  and  is  then 
decomposed,  a  green  muriate  of  the  oxide  of  chromium  being 
generated. 

The  only  native  chromate  hitherto  discovered  is  the  red 
chromate  of  lead  from  Siberia,  in  the  examination  of  which 
Yauquelin  made  the  discovery  of  chromium. 
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The  chief  use  of  borax  is  as  a  flux,  and  for  the  preparation 
of  boracic  acid.  Biborate  of  magnesia  is  a  rare  natural  pro- 
duction, which  is  known  to  mineralogists  by  the  name  of 
Boracite. 

A  new  biborate  of  soda,  which  contains  half  as  much  water 
of  crystallization  as  the  preceding,  has  been  lately  described 
by  M.  Buran.  It  is  harder  and  denser  than  borax,  is  not 
efflorescent,  and  crystallizes  in  regular  octohedrons.  It  is 
made  by  dissolving  borax  in  boiling  water  until  the  specific 
gravity  of  the  solution  is  at  30°  or  32°  of  Beaume's  hydrome- 
ter ;  the  solution  is  then  very  slowly  cooled ;  and  when  the 
temperature  descends  to  about  133°  F.  the  new  salt  is  depo» 
sited.  It  is  found  to  be  more  convenient  for  the  use  of 
jewellers  than  common  borax.  (An.  de  Ch.  et  Ph.  xxxvii. 
4190 

Fluoborates, — The  compounds  of  fluoboric  add  with  8ali« 
fiable  bases  are  as  yet  almost  entirely  unknown.  Dr.  Davy 
ascertained  that  it  unites  with  ammoniacal  gas  in  three  pro- 
portions, forming  salts,  one  of  which  is  solid,  and  the  two 
others  liquid. 

SECTION  V. 

CARBONATES. 

The  carbonates  are  distinguished  from  other  salts  by  being 
decomposed  with  effervescence,  owing  to  the  escape  of  car- 
bonic acid  gas,  by  nearly  all  the  acids. 

All  the  carbonates,  excepting  those  of  potash,  soda,  and 
lithia,  may  be  deprived  of  their  acid  by  heat.  The  car- 
bonate of  baryta  and  strontia,  especially  the  former,  requires 
an  intense  white  heat  for  decomposition ;  those  of  lime  and 
magnesia  are  reduced  to  the  caustic  state  by  a  full  red  beat ; 
and  the  other  carbonates  part  with  their  carbonic  acid  when 
heated  to  dull  redness. 

All  the  carbonates  excepting  those  of  potash,  soda,  and 
ammonia,  are  of  sparing  solubility  in  pure  water ;  but  all  of 
them  are  more  or  less  soluble  in  an  excess  of  carbonic  acid, 
owing  doubtless  to  the  formation  of  supersalts. 

The  former  nomenclature  of  the  salts  is  peculiarly  excep- 
tionable as  applied  to  the  carbonates.  The  two  well-known 
carbonates  of  potash,  for  example,  are  distinguished  by  the 
prepositions  sub  and  superf  as  if  the  one  had  an  alkaline,  and 
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moved  by  water,  and  the  dichromate  is  left,  cryatalUiw  in 
texture,  and  of  ao  beautiful  a  tiot,  that  it  vies  with  ctDDsbtf . 
(Pog.  An.  xxi.  680.) 

BORATES. 

Ab  the  boracic  is  a  feeble  acid,  it  neutralizes  alkalies  im- 
perfectly, and  hence  the  borates  of  soda,  potash,  and  amtnonia 
have  always  an  alkaline  reaction.  For  the  saine  reason,  when 
the  borates  are  digested  in  any  of  the  more  powerful  adds,  such 
as  the  sulphuric,  nitric,  or  muriatic,  the  boracic  acid  is  sepa- 
rated from  its  base.  This  does  not  happen,  however,  at  high 
temperatures;  for  boracic  acid,  owing  to  its  6xed  nature,  de- 
composes at  a  red  heat  all  salts,  not  excepting  sulphates,  the 
add  of  which  is  volatile. 

The  borates  of  the  alkalies  are  soluble  in  water,  but  all  the 
other  salu  of  this  acid  are  of  sparing  solubility.  They  are 
not  decomposed  by  heat,  and  the  alkaline  and  earthy  borates 
resist  the  action  of  heat  and  combustible  matter.  They  are 
remarkably  fusible  in  the  fire,  a  property  obviously  owing  to 
the  great  fusibility  of  boracic  acid  itself. 

The  borates  are  distinguished  by  the  following  character:— ~ 
By  digesting  any  borate  in  a  slight  excess  of  strong  sulphuric 
acid,  evaporating  to  dryness,  and  boiling  the  residue  in  strong 
alcohol,  a  solution  is  formed,  which  has  tlie  property  of  bum- 
faig  with  a  green  flame.     (Page  396.) 

Biborate  of  Soda. — This  salt,  the  only  borate  of  import- 
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e£Fecting  this  object  is  described  by  Mr.  Faraday  in  his  excel- 
lent work  on  Chemical  Maaipulation.  Into  a  tube  sealed  at 
one  end,  9^  inches  long,  }  of  an  inch  in  diameter,  and  as 
cylindrical  as  possible  in  its  whole  length,  pour  1060  gruns  of 
water,  and  with  a  file  or  diamond  mark  the  place  where  its 
surface  reaches ;  and  divide  the  space  occupied  by  the  water 
into  100  equal  parts,  as  is  shown  in  the  annexed  wood*cut. 
Opposite  to  the  numbers  23-44,  48*96,  54*63,  and  65,  draw  a 
line,  and  at  the  first  write  soda,  at  the  second  potash^  at  the 
third  carbonate  of  soda,  and  at  the  fourth  carbonate  of  potash. 
Then  prepare  a  dilute  acid  having  the  specific  gravity  of 
1*127  at  60°,  which  may  be  made  by  mixing  one  measure  of 
concentrated  sulphuric  acid  with  eight  measures  of  distilled 
water.  This  is  the  standard  add  to  be  used  in  all  the  expe* 
riments,  being  of  such  strength  that  when  poured  into  the 
tube  till  it  reaches  either  of  the  four  marks  just  mentioned, 
we  shall  obtain  the  exact  quantity  which  is  necessary  for 
neutralizing  100  grains  of  the  alkali  written  opposite  to  it. 
If,  when  the  acid  reaches  the  word  carb. 
potashf  and  when,  consequently,  we 
have  the  exact  quantity  which  will  neu- 
tralize 100  grains  of  that  carbonate, 
pure  water  be  added  until  it  reaches  1, 
or  the  beginning  of  the  scale,  each  divi- 
sion of  this  mixture  will  neutralize  one 
grain  of  carbonate  of  potash.  All  that 
is  now  required,  in  order  to  ascertain 
the  quantity  of  real  carbonate  in  any 
specimen  of  pearlash,  is  to  dissolve  100 
grains  of  the  sample  in  warm  water, 
filter  to  remove  all  the  insoluble  parts, 
and  add  the  dilute  acid  in  successive 
small  quantities,  until,  by  the  test  of 
litmus  paper,  the  solution  is  exactly 
neutralized.  Each  division  of  the  mix- 
ture indicates  a  grain  of  pure  carbonate. 
It  is  convenient,  in  conducting  this  process,  to  set  aside  a 
portion  of  the  alkaline  liquid,  in  order  to  neutralize  th® 
add,  in  case  it  should  at  first  be  added  too  freely.  To  thin 
instrument  the  term  alkalimeter  is  given,  a  name  obviously 
derived  from  the  use  to  which  it  is  applied. 
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the  other  an  acid  reaction ;  whereas,  in  fact,  according  to 
their  action  on  test  paper,  they  are  both  subsalts.  I  shall 
adopt  the  nomenclature  which  has  been  employed  with  other 
salts,  applying  the  generic  name  of  carbonate  to  those  salts 
which  contain  one  equivalent  of  carbonic  acid,  and  one  equi- 
valent of  the  base,^-compouDds  which  may  be  regarded  as 
neutral  in  composition,  however  they  may  act  on  the  colour- 
ing matter  of  plants.  The  formula  for  the  neutral  proto- 
carbonates  is  R+G,  (he  acid  containing  twice  as  much  oi.j~ 
gen  as  the  base. 

Several  of  the  carbonates  occur  native,  among  which  may 
be  enumerated  the  carbonates  of  soda,  baryta,  strontia,  lime, 
magnesia,  manganese,  protoxide  of  iron,  copper,  lead,  and 
the  double  carbonate  of  lime  and  magnesia. 

Carbotiale  of  Polaik. — -This  salt  is  procured  in  an  impure 
form  by  burning  land  plants,  lixiviating  their  ashes,  and  era. 
porating  the  solution  to  dryness,  a  process  which  is  perform- 
ed on  a  large  scale  in  Russia  and  America.  The  carbonate 
(^  potash,  thus  obtained,  is  known  in  commerce  by  (he  names 
otpotaih  and  pearlash,  and  is  employed  in  many  of  the  arts, 
especially  in  the  formation  of  soap  and  the  manufacture  cit 
glass.  When  derived  from  this  source  it  always  contains 
other  salts,  such  as  sulphate  and  muriate  of  potash ;  and 
therefore,  for  chemical  purposes,  it  should  be  prepared  from 
cream  of  tartar,  bitartrate  of  potash.     On  heating  this  salt  to 
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carbonic  acid  in  excess.  On  this  account  the  spring  water  of 
limestone  districts  always  contains  carbonate  of  lime,  which  is 
deposited  when  the  water  is  boiled.     Its  formula  is  Ca+C. 

Carbonate  of  Magnesia, — ^This  salt  is  easily  prepared  by 
adding  carbonate  of  potash  in  slight  excess  to  a  hot  solution 
of  sulphate  of  magnesia,  and  edulcorating  the  precipitated  car- 
bonate with  warm  water.  It  requires  2493  parts  of  cold,  and 
9000  of  hot  water  for  solution.  It  is  so  soluble  in  an  excess 
of  carbonic  add  that  sulphate  of  magnesia  is  not  precipitated 
at  all  in  the  cold  by  alkaline  bicarbonates,  or  by  sesqui-car- 
bonate  of  ammonia.  On  allowing  a  solution  of  carbonate  of 
magnesia  in  carbonic  acid  to  stand  in  an  open  vessel,  minute 
crystals  are  deposited,  which  consist  of  one  equivalent  of  the 
carbonate  and  three  of  water,  its  formula  being  (Mg+G) 
•f  3aq.     (Dr.  Henry  and  Berzelius.) 

Native  carbonate  of  magnesia,  according  to  the  analysis  of 
Dr.  Henry  and  Stromeyer,  is  similar  in  composition  to  the 
precipitated  carbonate. 

Carbonate  of  Iron.-^axhomc  acid  does  not  form  a  definite 
compound  with  peroxide  of  iron,  but  with  the  protoxide  it 
constitutes  a  salt  which  is  an  abundant  natural  production, 
occurring  sometimes  massive,  and  at  other  times  crystallized 
in  rhomboids  or  hexagonal  prisms.  This  protocarbonate  of 
iron,  Fe+G,  is  contained  also  in  most  of  the  chalybeate 
mineral  waters,  being  held  in  solution  by  free  carbonic  add ; 
and  it  may  be  formed  by  mixing  an  alkaline  carbonate  with 
protosulphate  of  iron.  When  prepared  by  predpitation  it 
attracts  oxygen  rapidly  from  the  atmosphere,  and  the  pro- 
toxide  of  iron,  passing  into  the  state  of  peroxide,  parts  with 
carbonic  add.  For  this  reason,  the  carbonate  of  iron  of  the 
pharmaoopceia  is  of  a  red  colour,  and  consists  chiefly  of  the 
peroxide. 

Carbonate  of  Copper.^^The  beautiful  green  mineral,  called 
Malachitey  is  a  carbonate  of  the  oxide  of  copper;  and  a 
similar  compound  may  be  formed  from  the  sulfdiate  by  de- 
composing a  solution  of  sulphate  of  copper  with  carbonate  of 
soda  or  potash,  or  by  exposing  metallic  copper  to  air  and 
moisture.  It  consists  of  39*6  parts  or  1  equivalent  of  the  black 
oxide  of  copper,  I  equivalent  of  carbonic  acid,  and  3  equiva- 
lents of  water,  as  indicated  by  the  formula  (Cu+C)+3q. 
(Phillips,  Journal  of  Sdence,  iv.) 
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SECTION  VI. 

SALTS   OF   THE    HYDRACIDS. 

By  the  expression  salts  of  the  hydradds  is  meant  those 
line  compounds,  the  acid  of  which  contains  hjdrogen  as  one 
of  its  elements.  These  salts,  owing  to  the  peculiar  constitu- 
tion of  their  acid,  have  certain  common  properties,  and  may 
therefore  be  described  advantageously  in  the  same  section. 
Many  of  the  circumstances  relative  to  them  have  already  been 
mentioned  in  sufficient  detail,  partly  in  the  remarks  introduc- 
tory to  the  study  of  the  metals  (page  439),  and  partly  in  the 
description  of  the  individual  metals  themselves.  It  will  hence 
suffice  to  describe  the  salts  of  the  hydracids  chiefly  in  a  ge- 
neral manner,  giving  a  particular  description  of  Uiose  com- 
pounds only,  which  are  possessed  of  some  peculiar  interest. 

Most  of  the  salts  which  are  composed  of  a  hydradd  and  a 
metallic  oxide  are  so  constituted,  that  the  oxygen  of  the 
oxide  contains  a  quantity  of  oxygen  precisely  suffidmt  for 
forming  water  with  the  hydrogen  of  the  add.  This  is  true 
of  all  the  neutral  compounds  containing  a  protoxide,  without 
exception,  and  it  likewise  holds  good  in  most  other  cases. 
Thus,  in  the  soluble  permuriate  of  iron,  the  oxide,  which 
contains  an  equivalent  and  a  half  of  oxygen,  is  united  with 
an  equivalent  and  a  half  of  add. 

The  elements  of  the  salts  of  the  hydradds,  as  mentioned  at 
page  441,  are  very  prone  to  arrange  themselves  in  a  new 
order.  All  these  salts  are  exposed  to  the  action  of  two  divel- 
lent  and  three  quiescent  affinities.  In  muriate  of  soda,  for 
example,  the  forces  which  tend  to  prevent  a  change  are  the 
attraction  of  sodium  for  oxygen,  of  chlorine  for  hydrogen, 
and  of  muriatic  add  for  soda ;  while  the  opposite  affinities 
are  the  attraction  of  chlorine  for  sodium  and  of  hydrogen  for 
oxygen.  The  latter  always  preponderate  when  heat  is  em- 
ployed, because  the  volatility  of  water  favours  the  production 
of  that  fluid ;  and  in  many  instances  the  affinities  appear  m 
nicely  balanced,  that  the  cohesion  of  one  of  the  compounds  is 
sufficient  to  influence  the  result,  as  is  exemplified  by  muriate 
of  soda,  which,  in  the  act  of  crystallizing,  is  converted  into 
chloride  of  sodium.  The  use  of  symbols  facilitates  the 
study  of  these  changes :  the  formula  of  muriate  of  soda  is 
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aacCTtoined  that  it  contains  twice  as  much  acid  as  the  car-  ' 
bonate. 

Setqui'Carbonate  of  Ammonia. — The  comnian  carbonate  of 
ammonia  of  the  shops,  iub-carbanas  ammonitt  of  the  pharma- 
copoeia, is  different  from  both  these  compounds.  It  is  pre- 
pared by  heating  a  mixture  of  one  part  of  muriate  of  ammo- 
nia with  one  part  and  a  half  of  carbonate  of  lime,  carefully 
dried.  Double  decomposition  ensues  during  the  process ; 
muriate  of  hme  remains  in  the  retort,  and  sesquicarbonate  of 
ammonia  is  sublimed.  The  carbonic  acid  and  ammonia  are, 
indeed,  in  proper  proportion  in  the  mixture  for  forming  the 
real  carbonate ;  but  from  the  heat  employed  in  the  subli< 
mation,  part  of  the  ammonia  is  disengaged  in  a  free  state. 

The  salt  thus  formed  consists,  according  to  the  analysis  of 
Mr.  Phillips,  Dr.  Ure,  and  Dr.  Thomson,  of  33  parts  or  an 
equivalent  and  a  half  of  carbonic  acid,  of  17  parts  or  one 
equivalent  of  ammonia,  and  9  parts  or  one  equivalent  of  water. 
When  recently  prepared  it  is  hard,  compact,  semi-transparent, 
of  a  crystalline  texture,  and  pungent  ammoniacal  odour ;  but 
if  exposed  to  the  air,  it  loses  weight  rapidly,  and  is  converted 
into  an  opaque  brittle  mass,  which  is  the  bicarbonate. 

Carbonate  of  Bari/ta,  Ba+C,  occurs  abundantly  in  the 
lead  mines  of  the  north  of  England,  where  it  was  discovered 
by  Dr.  Withering,  and  has  hence  received  the  name  of 
Witheritt.     It  may  be  prepared  by  way  of  double  decompo- 
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soluble  in  three  parts  of  water  at  60°  F.,  causing  a  consider. 
able  reduction  of  temperature  during  its  solution.  Bmling 
water  dissolves  about  an  equal  weight,  and  the  solution  de- 
posites  crystals  in  cooling.  At  a  temperature  below  redness, 
it  sublimes  without  fusing  or  undergoing  any  change  in  com- 
position, and  condenses  on  cool  surfaces  as  an  anhydrous  salt, 
which  attracts  humidity  in  a  moist  atmosphere,  but  if  pure  is 
not  deliquescent. 

When  muriatic  acid  gas  is  mixed  with  an  equal  volume  of 
ammonia,  both  gases  disappear  entirely,  and  pure  muriate  of 
ammonia  results.  It  hence  follows  that  this  salt  is  composed 
by  weight  of  36'45  parts  or  one  equivalent  of  muriatic  add, 
and  17  parts  or  one  equivalent  of  ammonia. 

Muriate  of  Baryta. — This  compound  is  best  formed  by 
dissolving  carbonate  of  baryta,  either  native  or  ardfidal,  in 
muriatic  add  diluted  with  three  parts  of  water.  It  may  also 
be  formed  by  the  action  of  muriatic  add  on  hydro^ulphuret 
of  baryta  (page  463)  or  by  heating  sulphate  of  baryta  with 
an  equal  wdght  of  muriate  of  lime  until  fusion  takes  place, 
and  then  dissolving  the  muriate  of  baryta  which  is  generated, 
and  separating  it  by  means  of  a  filter  from  the  sulphate  of 
lime. 

Muriate  of  baryta,  when  its  solution  is  gently  evaporated, 
crystallizes  readily  in  flat  rectangular  plates,  bevellel  at  the 
edges,  much  resembling  crystals  of  heavy  spar.  When  these 
crystals  are  dried  at  212°  they  lose  two  equivalents  of  water, 
and  chloride  of  barium  remains ;  and  they  suffer  the  same 
change,  as  noticed  by  Mr.  Graham,  when  kept  in  a  very  dry 
air  even  at  common  temperatures.  Hence,  though  the  cry»> 
tals  may  be  viewed  as  a  muriate  with  one  equivalent  of  water, 
(Ba-hO)-{-(H-f-Cl)  +  l  aq,  they  are  more  probably  a  chlo- 
ride with  two  equivalents  of  water,  as  indicated  by  the  for- 
mula (Ba+ CI) +2  aq. 

Crystallized  muriate  of  baryta  is  insoluble  in  pure  alccdiol. 
It  requires  about  two  and  a  half  times  its  wdght  of  water  at 
60^  F.  for  solution,  and  is  much  more  soluble  in  boiling 
water.  The  crystals  are  permanent  in  common  states  ct 
the  air. 

This  salt  is  much  empl6yed  as  a  re-agent  in  chemistry. 

Muriate  of  Strontia  is  made  in  the  same  mannw  as  muriate 
of  baryta,  from  which  it  is  distinguished  by  forming  prismatic 
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The  blue  pigment  called  verditer,  said  to  be  prepared  by 
deoompodDg  nitrate  of  copper  by  chalk,  is  an  impure  car- 
bonate.* 

CarboruUe  of  Lead. — This  salt,  which  is  the  white  lead  or 
ceruu  of  punten,  occurs  native,  but  may  be  obtained  by 
double  decomposition.  It  la  prepared  for  the  purposes  vS 
commerce  by  exposing  coils  of  thin  sheet  lead  to  the  vapour 
of  vin^ar,  when,  by  the  action  of  the  acid  fumes,  the  lead  is 
both  oxidized  and  converted  into  a  carbonate.  Its  formula 
is  Pb+C. 

Carbonate  of  Mercury.^Whea  a  solution  of  pemitrate  of 
mercury  is  decomposed  by  carbonate  of  soda,  an  ochre-ydlow 
precipitate  falls,  vfaich  Mr.  Phillips  finds  to  be  a  di-carbonate, 
SHg+C-  The  protoxide  appears  to  form  no  compound  with 
carbonic  acid ;  for  when  the  protonitrate  of  mercury  is  de. 
composed  by  any  alkaline  carbonate,  the  precipitate  is  either 
black  at  first  or  speedily  becomes  so,  and  after  being  washed 
is  quite  free  from  carbonic  acid. 

Double  CurAona/n.^Berthier  has  made  some  interesting 
experiments  on  the  production  of  double  carbonates  by  fusion. 
Carbonate  of  soda  when  fused  with  carbonate  of  baryta, 
strontia,  or  lime,  in  the  ratio  of  their  equivalents,  yields 
uniform  crystalline  compounds,  which  have  all  the  appear- 
ance of  being  definite.  An  equivalent  of  dolomite,  douUe 
carbonate  of  lime  and  magnesia,  fuses  in  like  manner  with 
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soluble  in  three  parts  of  water  at  60°  F.,  causing  a  consider- 
able reduction  of  temperature  during  its  solution.  Boiling 
water  dissolves  about  an  equal  weight,  and  the  solution  de- 
posites  crystals  in  cooling.  At  a  temperature  below  redness, 
it  sublimes  without  fusing  or  undergoing  any  change  in  com* 
position,  and  condenses  on  cool  surfaces  as  an  anhydrous  salt, 
which  attracts  humidity  in  a  moist  atmosphere,  but  if  pure  is 
not  deliquescent. 

When  muriatic  acid  gas  is  mixed  with  an  equal  volume  of 
ammonia,  both  gases  disappear  entirely,  and  pure  muriate  of 
ammonia  results.  It  hence  follows  that  this  salt  is  composed 
by  weight  of  36*45  parts  or  one  equivalent  of  muriatic  add, 
and  17  parts  or  one  equivalent  of  ammonia. 

Muriate  of  Baryta. — This  compound  is  best  formed  by 
dissolving  carbonate  of  baryta,  either  native  or  artificial,  in 
muriatic  acid  diluted  with  three  parts  of  water.  It  may  also 
be  formed  by  the  action  of  muriatic  acid  on  hydro-sulphuret 
of  baryta  (page  463)  or  by  heating  sulphate  of  baryta  with 
an  equal  weight  of  muriate  of  lime  until  fusion  takes  place, 
and  then  dissolving  the  muriate  of  baryta  which  is  generated, 
and  separating  it  by  means  of  a  filter  from  the  sulphate  of 
lime. 

Muriate  of  baryta,  when  its  solution  is  gently  evaporated, 
crystallizes  readily  in  flat  rectangular  plates,  bevelled  at  the 
edges,  much  resembling  crystals  of  heavy  spar.  When  these 
crystals  are  dried  at  212^  they  lose  two  equivalents  of  water, 
and  chloride  of  barium  remains ;  and  they  sufier  the  same 
change,  as  noticed  by  Mr.  Graham,  when  kept  in  a  very  dry 
air  even  at  common  temperatures.  Hence,  though  the  crys- 
tals may  be  viewed  as  a  muriate  with  one  equivalent  of  water, 
(Ba+0)-f(H+Cl)  +  l  aq,  they  are  more  probably  a  chlo- 
ride with  two  equivalents  of  water,  as  indicated  by  the  for- 
mula (Ba+Cl)-f3aq. 

Crystallized  muriate  of  baryta  is  insoluble  in  pure  alcohol. 
It  requires  about  two  and  a  half  times  its  weight  of  water  at 
60^  F.  for  solution,  and  is  much  more  soluble  in  boiling 
water.  The  crystals  are  permanent  in  common  states  of 
the  air. 

This  salt  is  much  employed  as  a  re-agent  in  chemistry. 
Muriate  of  Strontia  is  made  in  the  same  manner  as  muriate 
of  baryta,  from  which  it  is  distinguished  by  forming  prismatic 
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(So+0)+(H+Cl),  and  this  salt  ID  crystalluing yields  So+Cl 
andll+O;  2  equivaleats  of  permuriate of  iroo,  (SFe+SO) 
+(3H+3CI),  are  coDvertible  into  2  equivalents  of  sesqui- 
cbloride  of  iron,  2Fe+3GI,  and  3  equivalents  of  water, 
3H+30;  1  equivalent  of  corrosive  subliinate,  considered  in 
aolutitH)  as  a  muriate,  (Hg+20)+(2H+2Cl),  yields  in  crys- 
tallizing 1  equivalent  f^  bichloride  of  mercury,  Hg+SCl* 
and  2  equivalents  of  water. 

MURIATES    OR    HYDR0CUL0RATB8. 

Most  of  the  salts  of  muriatic  acid  are  soluble  in  water,  aod 
some  of  them  exist  only  in  a  state  of  solution.  They  are  dia- 
(inguished  from  other  salts  by  forming  the  white  insoluble 
chloride  of  silver  when  mixed  with  the  nitrate  of  that  base, 
and  by  being  decomposed  with  disengagement  of  muriatic 
acid  fumes  by  strong  sulphuric  add.  The  decomposition  of 
the  muriates,  owing  to  the  volatile  nature  of  their  acid,  is 
eifected  by  phosphoric  and  arsenic  acids  at  the  temperature  of 
ebullition. 

Muriate  of  Potash  and  Soda. — These  salts  exist  only  in 
a  state  of  solution,  and  are  frequently  contained  in  mineral 
springs.  Muriate  of  soda,  as  already  mentioned  in  the  sec- 
tion on  sodium,  is  the  chief  constituent  of  sea  water. 

Muriate  of  Ammonia. — This-  salt,  sal-ammoniac  of  com- 
merce, was  formerly  imported  from  Egypt,  where  it  is  pro- 
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riate  of  the  peroxide.  When  boiled  with  a  little  nitric  add  a 
soluble  muriate  of  the  peroxide  is  generated,  which  is  of  a  red 
colour,  crystallizes  with  difficulty,  deliquesces  on  exposure  to 
the  air,  and  is  dissolved  by  alcohol.  It  is  composed  of  one 
equivalent  of  the  peroxide,  and  an  equivalent  and  a  half  of 
muriatic  acid,  being  a  sesquimuriate. 

Mr.  Phillips  has  lately  described  a  soluble  per-muriate,  re- 
markable for  containing  ten  equivalents  of  the  peroxide  to 
one  equivalent  of  muriatic  acid,  and  bdng  nevertheless  solu- 
ble in  water.  It  is  prepared  by  the  action  of  muriatic  acid 
on  the  requisite  quantity  of  the  hydrated  peroxide.  A  pre- 
cipitate is  occasioned  either  by  adding  more  of  the  base  or  a 
little  more  acid,  showing  that  two  other  subsalts  exist,  one 
with  more  and  the  other  with  less  than  ten  equivalents  of  the 
oxide,  both  of  which  are  insoluble  in  water.  (Phil.  Mag. 
and  An.  viii.  406*) 

The  black  oxide  is  also  dissolved  by  muriatic  add,  forming 
a  dark  coloured  solution,  which  may  be  regarded  as  a  mix- 
ture of  the  muriates  of  the  peroxide  and  protoxide  of  iron. 
(Page  611.) 

Muriates  of  Jt/i.— The  protomuriate  is  conveniently  pre- 
pared by  digesting  granulated  tin  in  strong  muriatic  add  as 
long  as  hydrogen  gas  is  disengaged,  atmospheric  air  bdng 
excluded  at  the  same  time.  On  making  a  concentrated  hot 
solution,  the  salt  is  deposited  in  the  form  of  small  white 
needles ;  but  by  slow  evaporation  it  yields  colourless,  trans- 
parent, prismatic  crystals,  which  consist  of  one  equivalent 
of  add,  one  of  protoxide  of  tin,  and  two  of  water.  From  the 
strong  tendency  of  protoxide  of  tin  to  pass  into  its  highest 
stage  of  oxidation,  the  protomuriate  is  much  employed  as  a 
deoxidizing  substance,  especially  for  predpitating  easily  re- 
ducible metals  from  their  solution ;  and  owing  to  this  ten- 
dency, it  absorbs  oxygen  rapidly  from  the  atmosphere.  Its 
solution  should  be  preserved  in  well-stopped  bottles,  in  con- 
tact with  a  few  partides  of  metallic  tin,  which  restores  any 
peroxide  that  may  be  formed  to  its  original  condition. 

The  permuriate^  so  extensively  employed  as  a  base  in  dye- 
ingt  is  generally  prepared  by  dissolving  tin  in  nitro-muriatic 
add.  The  process  is  one  of  delicacy ;  for  should  the  tempe- 
rature be  much  raised  by  the  heat  disengaged  by  chemical 
action,  as  is  sure  to  happen  if  strong  add  is  used,  and  much 
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crysUb,  hj  iu  solubility  in  alcohol,  and  hj  imparting  a  red 
tint  to  flame.  Tbe  cryitals  consist  of  one  equivalent  of  mtt> 
riate  of  strontia,  and  eight  equivalents  of  water^  and  when 
heated  to  redness,  nine  equivalents  of  water  are  expelled^  and 
one  equivalent  of  chloride  of  strontium  remains. 

The  crystallized  muriate  attracts  humidity  from  a  moiit 
atmosphere,  but,  if  pure,  it  is  permanent  in  a  moderately  dry 
air.  The  crystals  are  exceedingly  soluble  in  boiling  water^ 
and  require  for  solution  about  twice  their  w^ht  of  water  at 
60°  F. 

Muriate  of  Lime  is  formed  by  neutralizing  muriatic  add 
with  pure  maible.  The  salt  is  very  soluble  both  in  water 
and  alcohol,  and  deliquesces  with  rapidity  even  in  a  dry 
atmosphere.  It  crystallizes,  though  with  consideraUe  dif- 
ficulty, in  prisms,  which  consist,  according  to  Thomson,  of 
one  equivalent  of  muriate  of  lime,  and  six  equivalents  of 
water.  When  heated,  seven  equivalents  of  .water  are  expelled 
and  a  chloride  remains.  It  may  of  course  be  r^arded  as 
chloride  of  calcium  with  seven  equivalents  of  water  of  crys- 
tallization. 

The  crystallized  muriate  is  the  compound  which  produces 
such  an  intense  degree  of  cold  when  mixed  with  snow.  It  is 
prepared  for  this  purpose  by  evaporating  the  solution  until  a 
drop  of  it  on  &lling  upon  a  cold  saucer  becomes  solid. 

Muriate  of  Magnetia  exists  in  many  mineral  springs,  and 
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tion  ;  for  it  is  converted  in  the  act  of  crystallizing  into  iodide 
of  potassium.  It  is  exceedingly  soluble  in  boiling  water,  and 
requires  only  two-thirds  of  its  weight  of  water  at  60°  for  solu- 
tion ;  it  is  diasolyed  freely  by  alcohol ;  and  when  a  saturated, 
hot,  alcoholic  solution  is  set  aside  to  cool,  iodide  of  potasdum 
is  deposited  in  cubic  crystals.  A  solution  of  hydriodate  of 
potash  is  capable  of  dissolving  a  large  quantity  of  iodine,  a 
property  which  is  common  to  all  the  hydriodates. 

Hydriodate  of  potash  is  easily  made  by  neutralizing  hy- 
driodic  add  with  pure  potash ;  but  in  preparing  a  consider- 
able quantity  of  the  salt,  as  for  medical  use,  it  is  desirable  to 
dispense  with  the  preliminary  step  of  making  the  add.  With 
this  intention  several  methods  may  be  employed.  One  of 
these,  which  I  formerly  suggested,  consists  in  adding  to  a  hot 
solution  of  pure  potash  as  much  iodine  as  it  is  capable  of  dis- 
solving, by  which  means  a  deep  brownish-red  coloured  fluid 
is  formed,  consisting  of  iodate  and  hydriodate  of  potash, 
together  with  a  large  excess  of  free  iodine.  Through  this 
solution  a  current  of  sulphuretted  hydrogen  gas  is  transmitted 
until  the  free  iodine  and  iodic  add  are  converted  into  by  driodic 
acid,  changes  which  may  be  known  to  be  accomplished  by  the 
liquid  becoming  quite  limpid  and  colourless.  The  solution 
is  then  gently  heated  in  order  to  expel  any  excess  of  sulphur- 
etted hydrogen,  and  after  being  filtered,  any  free  hydriodic 
acid  is  exactly  neutralized  by  pure  potash. 

A  still  easier  process  has  been  proposed,  which  consists  in 
adding  iodine  to  a  solution  of  hydrosulphate  of  potash,  or  the 
common  hepar^sulphuris  of  the  Pharmacopceia  (page  436), 
until  the  potash  is  exactly  neutralized.  The  hydriodate  is 
then  formed  at  once,  vnthout  the  necessity  of  a  current  of 
sulphuretted  hydrogen  gas;  but  when  made  with  liver  of 
sulphur,  it  contains  a  considerable  quantity  of  sulphate  of 
potash,  and  is  therefore  impure.  Another  mode  of  prepara* 
tion  is  by  digesting  iodine  with  zinc  or  iron  filings  in  water, 
and  then  decomposing  the  resulting  hydriodate  of  zinc  or 
iron  by  a  quantity  of  carbonate  of  potash  just  suflident  to 
precipitate  the  oxide.  But  the  best  method  is  to  evaporate 
the  mixed  iodate  and  hydriodate  of  potash,  formed  by  adding 
iodine  to  a  warm  solution  of  pure  potash  until  the  alkali  is 
neutralized,  and  exposing  the  dry  mass  in  a  platinum  cruci- 
ble to  a  rather  low  red  heat  in  ot^der  to  convert  the  iodate 
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tin  u  added  at  onee,  the  peroxide  will  be  spontaneouBlj  de- 
parted as  a  bulky  bydrate,  and  be  subsequently  rediBaoWed 
with  great  difficulty.  But  the  operation  will  rardy  fail,  if 
the  acid  is  made  with  two  measures  of  muriatic  acid,  one  of 
nitric  acid,  and  one  of  water,  and  if  the  tin  is  gradually  dis- 
solved, one  portion  disappearing  before  another  is  added. 
The  most  certain  mode  of  preparation,  however,  is  to  oxidize 
the  protomuriate  either  by  chlorioe  or  by  gentle  heat  and 
nitric  add.     The  latter  is  the  most  convenient. 

Sub-muriate  of  Antimony . — From  a  late  analysis  by  Mr. 
Phillips  it  appears  that  the  white  sub-muriate,  formerly  called 
powder  of  Algaroth,  which  is  formed  when  protochloride  cf 
antimony  is  poured  into  water,  consists  of  7*80  per  cent  of 
muriatic  add  and  92*S  of  protoxide  of  antimony.  This  rntio 
indicates  a  compound  of  1  equivalent  of  add  and  5^  equi< 
valentfl  of  tbe  base. 

HYDRIODATES. 
Hydriodic  add  unites  with  the  alkalies  and  alkaline  earths, 
with  magnesia,  and  with  the  oxides  of  manganese,  zinc,  and 
iron.  With  several  of  tbe  metallic  oxides  it  does  not  enter 
into  combination.  Thus,  on  mixing  hydriodate  of  potash 
with  a  salt  of  mercury  or  silver,  the  iodides  of  these  metals 
are  deposited.  With  acetate  of  lead  a  yellow  compound  is 
thrown  down,  which  is  an  iodide  of  lead. 
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The  hydrofluate,  which  has  an  alkaline  reaction,  is  best  pre* 
pared  by  supersaturating  carbonate  of  potash  with  hydrofluoric 
acid,  evaporating  the  solution  to  dryness,  and  expelling  the 
excess  of  acid  by  heat.  The  residue  has  a  sharp  saline  taste  ; 
is  deliquescent,  and  crystallizes  with  difficulty;  but  when 
evaporated  at  a  temperature  between  95°  and  104°,  it  forms 
cubic  crystals.  These  crystals,  like  the  salt  after  being 
heated,  are  most  probably  fluoride  of  potassium. 

The  bi-hydrofluate  is  easily  procured  by  adding  to  hydro* 
fluoric  add  a  quantity  of  potash  insufficient  for  neutralizing 
it  completely,  and  concentrating  the  solution.  By  slow  eva- 
poration it  yields  rectangular  tables,  the  lateral  edges  of 
which  are  bevelled.  This  salt  has  an  acid  reaction,  is  soluble 
in  water,  and  decomposed  by  heat. 

Hydrofluate  of  Soda. — ^The  neutral  and  acid  hydrofluate 
of  soda  may  be  formed  in  the  same  manner  as  the  preceding 
salts.  The  add  hydrofluate  consists  of  one  equivalent  of  base 
and  two  of  the  acid,  possesses  a  sharp  and  purely  sour  taste, 
is  but  sparingly  soluble  in  cold  water,  and  crystallizes  in 
transparent  rhombohedrons.  The  neutral  hydrofluate  is 
sparingly  soluble  in  water,  and  its  solubility  is  not  increased 
by  elevation  of  temperature.  It  is  almost  completely  insoluble 
in  alcohol.  It  commonly  crystallizes  in  cubes  like  chloride  of 
sodium,  but  assumes  the  form  of  an  octohedron  when  carbonate 
of  soda  is  present. 

The  neutral  and  acid  hydrofluate  of  lithia  are  sparingly 
soluble  in  water. 

The  neutral  hydrofluate  of  ammonia  may  be  prepared  by 
mixing  in  a  platinum  crucible  1  part  of  sal-ammoniac  and  2^ 
parts  of  fluoride  of  sodium,  both  in  fine  powder  and  quite  dry, 
and  applying  a  gentle  heat  with  a  spirit  lamp.  The  hydro- 
fluate of  ammonia  sublimes,  and  condenses  in  small  prisms  on 
the  lid  of  the  crucible,  if  kept  cool,  without  any  admixture  of 
muriate  of  ammonia.  Chloride  of  sodium  is  generated  at  the 
same  time. 

This  salt  is  permanent  in  the  air»  slightly  soluble  in  alcohol, 
and  copiously  dissolved  by  water.  It  corrodes  glass  vessds, 
even  in  its  dry  state.  In  solution  it  gradually  parts  with  am- 
monia, and  is  converted  into  a  deliquescent  bi-hydrofluate. 

It  is  doubtful  if  the  alkaline  earths  combine  at  all  with  hy- 
drofluoric acid.     On  digesting  recently  precipitated  carbonate 
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The  blue  pigment  called  verditer,  said  to  be  prepared  by 
decomposing  nitrate  of  copper  by  chalk,  is  ao  impure  car- 
bonate.* 

Carbottate  of  Lead. — ^This  salt,  which  is  tbe  white  had  or 
ceruie  of  painters,  occurs  native,  but  may  be  obtained  by 
double  decomposition.  It  is  prepared  for  the  purposes  of 
commerce  by  expoainj;  coils  of  thin  sheet  lead  to  the  vapour 
of  vinegar,  vhen,  by  the  action  of  the  acid  fumes,  the  lead  is 
both  oxidized  and  converted  into  a  carbonate.  Its  formula 
is  Pb+C. 

Carbonate  of  Mercury.— 'W\\&a  a  solution  of  pemitrate  of 
mercury  is  decomposed  by  carbonate  of  soda,  an  ochre-yellow 
precipitate  falls,  which  Mr.  Phillips  finds  to  be  a  di-carbonate, 
2Hg4-C.  The  protoxide  appears  to  form  no  compound  wiUi 
carbonic  acid ;  for  when  the  protonitrate  of  mercury  is  de- 
composed by  any  alkaline  carbonate,  the  precipitate  is  either 
black  at  first  or  speedily  becomes  so,  and  after  being  washed 
is  quite  free  from  carbonic  acid. 

Double  Carbonates. — Berthier  has  made  some  interesting 
experiments  on  the  production  of  double  carbonates  by  fusion. 
Carbonate  of  soda  when  fused  with  carbonate  of  baryta, 
strontia,  or  lime,  in  the  ratio  of  their  equivalents,  yields 
uniform  crystalline  compounds,  which  have  all  the  appear- 
ance of  being  definite.  An  equivalent  of  dolomite,  double 
carbonate  of  lime  and  magnesia,  fuses  in  like  manner  with 


702  SALTS   OF   THE   HTDIUCIDS. 

phate  of  potash  oq  the  nitrates  of  lead,  copper^  hismutb,  gil. 
Yer,  or  mercnry,  nitrate  of  potash  is  formed,  water  is  gene* 
rated,  and  a  metallic  sulphuret  subsides*  The  precipitates 
occasioned  by  hydrosulphate  of  potash  in  a  salt  of  iron,  sine, 
and  manganese,  may  also  be  regarded  as  sulphurets;  for  though 
sulphuric  acid  decomposes  these  compounds  with  evolution  of 
sulphuretted  hydrogen,  it  does  not  follow  that  that  add  had 
previously  existed  in  them. 

As  sulphuretted  hydrogen  is  a  weak  add,  and  naturally 
gaseous,  its  salts  are  decomposed  by  most  other  adds,  sucli 
as  the  sulphuric,  muriatic,  and  acetic,  ¥dth  disengagement 
of  sulphuretted  hydrogen  gas,  a  character  by  which  all  the 
hydrosulphates  are  easily  recognised.  They  are  decomposed, 
likewise,  by  chlorine  and  iodine,  with  separation  of  sulphur, 
and  formation  of  a  muriate  or  hydriodate.  When  recently 
prepared,  they  form  solutions  which  are  colourless,  or  nearly 
so;  but  on  exposure  to  the  air,  oxygen  gas  is  absorbed,  a 
portion  of  its  add  is  deprived  of  its  hydrogen,  and  a  sulphu- 
retted hydrosulphate  of  a  yellow  colour  is  generated.  By 
continued  exposure,  the  whole  of  the  sulphuretted  hydrogen  is 
decomposed,  water  and  hypo-sulphurous  add  being  produced. 

The  hydrosulphates  of  baryta  and  strontia,  prepared  by 
dissolving  the  sulphurets  of  barium  and  strontium  in  water, 
are  sometimes  used  in  preparing  the  salts  of  those  bases. 
The  hydrosulphates  of  potash  and  ammonia  are  employed  as 
reagents. 

Hydrosulphate  of  Pota$h. — ^This  salt  is  made  by  trans- 
mitting a  current  of  sulphuretted  hydrogen  gas  into  a  solution 
of  pure  potash,  contained  in  WouUe^s  apparatus,  and  coo- 
tinning  the  operation  as  long  as  the  gas  is  absorbed.  When 
all  the  alkali  is  combined  with  sulphuretted  hydrogen,  it  is  no 
longer  aUe  to  predpitate  a  salt  of  magnesia.  If  the  alkali  is 
completely  saturated  with  the  gas,  the  resulting  compound, 
though  it  has  still  an  alkaline  re-action,  is  a  bi-hydrosulphate. 
This  salt  has  an  alkaline  bitter  taste,  and  crystallises  in  six* 
sided  prisms,  which  are  deliquescent  and  soluble  in  alcohol  as 
well  as  water. 

Hydrosulphate  of  Ammonia. — ^This  salt  is  obtained  in  the 
form  of  a  volatile  fluid,  called  Fuming  Liquor  of  Boyle,  by 
heating  a  mixture  of  one  part  of  sulphur,  two  of  sal-ammcmiac, 
and  two  of  unslaked  lime.    The  dianges  which  ensue  have 
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(So+0>  +  (H+Cl),  and  this  aalt  id  crystaUizing  yields  So+Cl 
and  H  +  0  ;  2  equivalents  of  permuriate  of  iron,  (2Fe+30) 
+  (3H+3Cl),  are  convertible  into  2  equivalents  of  aesqni- 
chloride  of  iron,  2Fe+3Cl,  and  3  equivalents  of  water, 
3H+30;  1  equivalent  of  corrosive  sublimate,  considered  in 
solution  as  a  muriate,  (Hg+20)  +  (2H+2Cl),  yields  in  crys- 
tallizing 1  equivalent  of  bichloride  of  mercury,  Hg+2C1» 
and  2  equivalents  of  water. 

MURIATES   OR   HYDROCULORATES. 

Most  of  the  salts  of  muriatic  acid  are  soluble  in  water,  and 
some  of  them  exist  only  in  a  slate  of  solution.  They  are  dis- 
tinguished from  other  salts  by  forming  the  white  insoluble 
chloride  of  silver  when  mixed  with  the  nitrate  of  that  base, 
and  by  being  decomposed  with  disengagement  of  muriatic 
acid  fumes  by  strong  sulphuric  acid.  The  decomposition  <^ 
the  muriates,  owing  to  the  volatile  nature  of  their  acid,  is 
effected  by  phosphoric  and  arsenic  acids  at  the  temperature  of 
ebullition. 

Muriate  of  Potash  and  Soda. — These  salts  exist  only  in 
a  stale  of  solution,  and  arc  frequently  contained  in  mineral 
springs.  Muriate  of  soda,  as  already  mentioned  in  the  sec- 
tion on  sodium,  is  the  chief  constituent  of  sea  water. 

Muriate  of  Ammonia. — ^I'his-  salt,  sal-ammoniac  of  com- 
merce, was  formerly  imported  from  Egypt,  where  it  is  pro- 
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for  when  evaporated  to  dryness,  it  is  converted  into  cyanuret 
of  potassium,  a  compound  which  is  far  less  liable  to  spontane- 
ous decomposition  than  hydrocyanic  acid,  and  is  capable  of 
supporting  a  very  high  temperature  in  close  vessels  without 
change.  It  is  deliquescent,  and  highly  soluble  in  water. 
The  solution  gives  a  green  colour  to  violets,  and  has  an  alka- 
line taste,  accompanied  with  the  flavour  and  a  faint  odour  of 
hydrocyanic  acid.  It  is  decomposed  by  nearly  all  the  adds, 
even  by  the  carbonic,  and  on  this  account  should  be  preserved 
in  well-closed  vessels.  It  acts  upon  the  animal  system  in 
the  same  manner  as  hydrocyanic  acid,  and  MM.  Robiquet 
and  Villerm^  have  proposed  its  employment  in  medical  prac- 
tice, as  being  more  uniform  in  strength,  and  less  prone  to  de- 
composition, than  hydrocyanic  add.  (Jour,  de  Physiologie, 
voL  iii.) 

FERROCYANATES. 

The  neutral  ferrocyanates,'so  far  as  is  known,  appear  to 
be  formed  in  the  same  manner  as  the  salts  of  the  hydracids 
in  general ;  namely,  the  hydrogen  of  the  add  is  in  exact  pro- 
portion for  forming  water  with  the  oxygen  of  the  salifiable 
base  with  which  it  is  united.  Thus,  ferrocyanate  of  potash 
is  composed  of  one  equivalent  of  ferrocyanic  add,  which  con- 
tains two  equivalents  of  hydrogen  (page  415,)  and  two  of 
potash.  With  the  alkalies  and  alkaline  earths  this  add 
forms  soluble  compounds ;  but  it  predpitates  nearly  all  the 
salts  of  the  common  metals,  giving  rise  either  to  the  ferrocy- 
anate of  an  oxide  or  the  ferrocyanuret  of  a  metal. 

Ferrocyanate  of  Potash, — This  salt,  sometimes  called  triple 
prussiate  of  potash^  is  prepared  by  digesting  pure  ferrocyanate 
of  the  peroxide  of  iron  in  potash  until  the  alkali  is  neutralised, 
by  which  means  the  peroxide  of  iron  is  set  free,  and  a  yellow 
liquid  is  formed,  which  yields  crystals  of  ferrocyanate  of  potash 
by  evaporation.  This  salt  is  made  on  a  large  scale  in  the  arts 
by  igniting  dried  blood  or  other  animal  matters,  such  as  hoofs 
and  horns,  with  potash  and  iron.  By  the  mutual  reaction 
of  these  substances  at  a  high  temperature,  ferrocyanuret  of 
potassium,  consisting  of  one  equivalent  of  the  radical  of  ferro- 
cyanic acid  (page  416),  and  two  equivalents  of  potassium,  is 
generated.  Such  at  least  is  inferred  to  be  the  product ;  for 
on  digesting  the  residue  in  water,  a  solution  of  ferrocyanate 
of  potash  is  obtained. 
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crjmtals,  by  it*  solubility  in  alcohol,  and  by  importiiig  a  r«d 
tiot  to  flame.  The  crystals  consist  of  one  equivalent  of  mu- 
riate of  strontia,  and  eight  equivalents  of  water,  and  when 
heated  to  rednew,  nine  equivalents  of  water  are  expelled,  and 
one  equivalent  of  chloride  of  strontium  remains. 

The  crystallized  muriate  attracts  humidity  from  a  moiBt 
atmosphere,  but,  if  pure,  it  is  permanent  in  a  moderately  dry 
air.  The  crystals  are  exceedingly  soluble  in  boiling  water, 
and  require  for  solution  about  twice  their  weight  of  water  at 
60°  F. 

Muriate  of  Lime  is  formed  by  neutralizing  muriatic  add 
with  pure  marble.  The  salt  is  very  soluble  both  in  water 
and  alcohol,  and  deliquesces  with  rapidity  even  in  a  dry 
atmosphere.  It  crystallizes,  though  with  considerable  dif- 
ficulty, in  prisms,  which  consist,  according  to  Thomson,  of 
one  equivalent  of  muriate  of  lime,  and  six  equivalnts  of 
water.  When  heated,  seven  equivalents  of  .water  are  expelled 
and  a  chloride  remains.  It  may  of  course  be  r^arded  aa 
chloride  of  calcium  with  seven  equivalents  of  water  of  cry^ 
tallization. 

The  crystallized  muriate  is  the  compound  which  produces 
such  an  intense  degree  of  cold  when  mixed  with  snow.  It  is 
prepared  for  this  purpose  by  evaporating  the  solution  until  a 
drop  of  it  on  falling  upon  a  cold  saucer  becomes  solid. 

Muriate  of  Magnesia  exists  in  many  mineral  springs,  and 
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discovered  by  L.  Omelin,  is  generated  by  transmitting  chlo- 
rine gas,  freed  by  washing  from  muriatic  acid,  into  a  ratber 
strong  solution  of  ferrocyanate  of  potash,  until  it  ceases  to 
give  a  precipitate  with  persalts  of  iron :  the  solution  gradu* 
ally  acquires  a  deep  green  tint,  and  when  all  the  common 
ferrocyanate  is  decomposed  it  appears  by  transmitted  light 
of  a  blood-red  colour,  though  by  reflected  light  it  is  still 
green.  The  liquid  is  then  concentrated  to  two-thirds  of  its 
volume,  and  set  aside  in  a  moderately  warm  stove  to  crystal- 
lize. Tufts  of  slender,  yellow,  brilliant  crystals  are  gradually 
deposited  in  the  form  of  roses ;  and  by  a  second  crystalli- 
zation very  brilliant  ruby-coloured  crystals  are  obtained,  the 
form  of  which  appears  to  be  an  elongated  octohedron.  Chlo- 
ride of  potassium  is  generated  at  the  same  time.  The  red 
crystals  are  quite  anhydrous,  and  are  composed  of  three 
equivalents  of  cyanogen,  one  and  a  half  of  potassium,  and 
one  of  iron.  They  differ  in  composition  from  ferrocyanate  of 
potash  which  has  been  dried  at  212°,  by  containing  half  an 
equivalent  less  of  potassium. 

The  solution  of  the  red  double  cyanuret  is  remarkable  for 
detecting  protosalts  of  iron,  causing  a  blue  or  green  precipi- 
tate, according  to  the  strength  of  the  solution.  According  to 
M.  Oirardin  it  indicates  the  presence  of  protoxide  of  iron  dis- 
solved in  90,000  parts  of  water.  The  crystals  require  for 
solution  twice  their  weight  of  cold,  and  less  than  their  weight 
of  boiling  water ;  but  are  insoluble  in  alcohol.  A  dilute  so- 
lution of  the  crystals  has  a  greenish-red  tint ;  but  when  con- 
centrated, the  colour  is  so  deep  that  it  appears  almost  black. 
A  very  small  quantity  renders  a  considerable  portion  of  water 
green.     (Phil.  Mag.  and  An.  v.  148.) 

It  appears  from  some  observations  of  Robiquet  and  Gay- 
Lussac,  (An.  de  Ch.  et  Ph.  xliv.  279)  and  xlvi.  73,)  that  a 
double  cyanuret  of  iron  and  potassium  may  be  formed  in 
other  proportions.  For  example,  when  ferrocyanate  of  potash 
is  digested  in  sulphuric  acid,  prussic  acid  is  freely  disen- 
gaged, and  a  white  matter  subsides,  which  consists  of  9  equi- 
valents of  cyanogen,  7  equivalents  of  iron,  and  2  equivalents 
of  potiAssium  ;  corresponding  to  7  equivalents  of  cyanuret  of 
iron  and  2  equivalents  of  cyanuret  of  potassium.  On  ex- 
posing this  compound  to  the  air  and  moistened  with  dilute 
sulphuric  acid,  oxygen  is  absorbed,  and  sulphate  of  potash  and 
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tin  is  added  at  once,  the  peroxide  will  be  Bpontaneously  de- 
posted  as  a  bulky  hydrate,  and  be  subaequently  redissolved 
irith  great  difficulty.  But  the  operation  will  rarely  fail,  if 
the  acid  is  made  with  two  measures  of  muriatic  acid,  one  of 
nitric  acid,  aod  one  of  water,  and  if  the  tin  ia  gradually  dis- 
solved, one  portion  disappearing  before  another  is  added. 
The  most  certain  mode  of  preparatioo,  however,  is  to  oxidize 
the  protomuriste  either  by  chlorine  or  by  gentle  beat  and 
nitric  acid.     The  latter  is  the  most  convenient. 

Sub-muriale  of  Aritimonif. — From  a  late  analysis  by  Mr. 
Phillips  it  appears  that  the  white  sub-muriate,  formerly  called 
powder  of  Algaroth,  which  is  formed  when  protochloride  t^ 
antimony  is  poured  into  water,  consists  of  7'80  per  cent  of 
muriatic  acid  and  92-2  of  protoxide  of  antimony.  This  ratio 
indicates  a  compound  of  1  equivalent  of  acid  and  5^  equi- 
valents of  the  base. 

HYDRIODATES. 
Hydriodic  acid  unites  with  the  alkalies  and  alkaline  earths, 
with  magnesia,  and  with  the  oxides  of  manganese,  zinc,  and 
iron.  With  several  of  the  metallic  oxides  it  does  not  enter 
into  combination.  Thus,  on  mixing  hydriodate  of  potash 
with  a  salt  of  mercury  or  silver,  the  iodides  of  these  metals 
are  deposited.  With  acetate  of  lead  a  yellow  compound  is 
thrown  down,  which  is  an  iodide  of  lead. 
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the  retort — ^phenomena  which,  in  conjunction  with  the  facts 
above  stated,  leave  no  doubt  of  this  compound  containing 
ferrocyanic  acid  and  peroxide  of  iron.  The  precise  pro- 
portion of  its  constituents  has  not  been  satisfactorily  deter- 
mined ;  but  it  most  probably  consists  of  one  equivalent  of 
the  peroxide,  and  an  equivalent  and. a  half  of  the  acid. 

Robiquet  has  shown  that  when  per-ferrocyanate  of  iron 
is  formed,  as  it  commonly  is  in  the  laboratory,  by  means  of 
a  persalt  of  iron  and  ferrocyanate  of  potash,  the  blue  precipi- 
tate retains  a  variable  quantity  of  cyanuret  of  potassium, 
which  cannot  be  entirely  removed  even  by  dilute  add,  and 
which  is  particularly  abundant  when  an  excess  of  ferrocyanate 
of  potash  is  used.  It  is  the  presence  of  cyanuret  of  potassium 
which  renders  it  impossible  to  wash  the  perferrocyanate  of 
iron  with  pure  water :  the  cyanuret  of  potassium,  which  is 
then  dissolved,  gives  solubility  to  the  pigment,  thereby 
causes  a  blue  tint  in  the  solution,  and  prevents  subsidence; 
and  on  boiling  the  blue  liquid,  the  alkali  decomposes  the 
perferrocyanate  altogether,  peroxide  of  iron  falls,  prussic 
acid  is  disengaged,  and  ferrocyanate  of  potash  is  regenerated. 
(Gay-Lussac.)  This  inconvenience  is  prevented  by  acidu- 
lating the  water,  because  the  cyanuret  of  potassium  is  then 
decomposed  as  soon  as  it  is  removed  from  the  precipitate. 

Prussian  blue,  the  discovery  of  which  was  made  in  1710, 
has  been  studied  by  several  chemists,  especially  by  Proust, 
(An.  de  Chimie,  Ix.)  and  by  Berzelius,  Porrett,  and  Robi- 
quet, whose  essays  were  referred  to  in  the  description  of 
ferrocyanic  acid.  The  colouring  matter  of  this  pigment  is 
ferrocyanate  of  peroxide  of  iron,  which  is  mixed  with  alumina 
and  peroxide  of  iron,  together  with  the  subsulphates  of  one  or 
both  of  those  bases.  It  is  prepared  by  heating  to  redness 
dried  blood,  or  other  animal  matters,  with  an  equal  weight  of 
pearlash,  until  the  mixture  has  acquired  a  pasty  consistence. 
The  residue,  which  consists  chiefly  of  cyanuret  of  potassium  y 
and  carbonate  of  potash,  is  dissolved  in  water,  and  after  being 
filtered,  is  mixed  with  a  solution  of  two  parts  of  alum  and  one 
part  of  protosulphate  of  iron.  A  dirty-greenish  precipitate 
ensues,  which  absorbs  oxygen  from  the  atmosphere,  and 
passes  through  different  shades  of  green  and  blue,  until  at 
length  it  acquires  the  proper  colour  of  the  pigment. 

The  chemical  changes  which  take  place  in  this  process  are 
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into  iodide  of  potaanum.    The  fused  msts  is  then  dinolved 
out  by  mter  sad  crystallized. 

The  oommercul  iodide  of  potassium  is  fluently  impure, 
ooDtainiDg  carbonate  or  sulphate  of  potash,  or  the  chloride  of- 
potasaium  or  lodiun).  It  is  well  to  purchase  it  in  crystals, 
whidi  ought  not  to  deliquesce  in  a  moderately  dry  air,  but 
when  reduced  to  powder  is  completely  dissolved  by  the  aid 
of  heat  in  a  little  strong  alcohol. 

HTDROBROUATBS. 
The  salU  of  hydrobromic  add  have  as  yet  been  but  partially 
examined,  and  the  chief  facts  known  respecting  them  have 
already  been  mentioned  in  the  section  on  bromine. 

HYDR0FLUATE8. 
Hydrofluoric  add  unites  readily  wiUi  the  pure  alkalies, 
yielding  soluble  hydrofluates,  which  are  converted  into  me- 
tallic fluorides  by  tfae  action  of  heat.  The  neutral  hydro- 
fluates of  the  alkalies,  those  namely  that  contain  one  equivs- 
lent  of  add  and  one  equivalent  of  base,  have  an  altcaline  re- 
action. It  may  be  doubted  if  this  add  can  unite  at  all  with 
the  alkaline  earths ;  for  it  yields  with  them  insoluble  com- 
pounds, wbidi  have  all  the  characters  of  metallic  fluorides. 
Tbe  same  remark  applies  to  the  action  of  hydrofluoric  add 
tm  the  earths,  with  the  exception  of  alumina  and  zircooia. 
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portion  of  that  liquid  is  decomposed,  and  sulphocyanate  of 
potash  is  generated. 

Sulphocyanate  of  potash  (and  most  of  the  salts  of  this  group 
have  probably  a  similar  constitution)  contains  one  equivalent 
of  the  acid,  and  one  equivalent  of  the  oxide ;  so  that  the 
oxygen  and  hydrogen  are  in  due  proportion  for  the  produc- 
tion of  water.  This  salt,  indeed,  exists  only  in  a  liquid  state ; 
for  the  crystals  which  are  deposited  from  a  concentrated  solu- 
tion, when  separated  from  adhering  moisture  by  bibulous 
paper,  do  not  contain  either  water  or  its  elements,  but  are  a 
pure  sulphocyanuret  of  potassium.  The  crystals  are  very  de- 
liquescent  on  exposure  to  the  air,  and  dissolve  freely  in  water, 
yielding  a  solution  which  is  quite  neutral.  In  form,  taste, 
and  fusibility,  they  are  very  analogous  to  nitre. 

Sulphocyanate  of  potash  is  employed  in  preparing  sulpho- 
cyanic  acid,  and  as  a  test  for  detecting  the  presence  of  per- 
oxide  of  iron. 

SECTION  VII. 

ON    COMPOUNDS    ANALOGOUS    TO   SALTS. 

The  advance  of  chemistry,  in  detecting  modes  of  combina- 
tion  which  were  previously  unknown,  has  brought  into  view 
new  and  unexpected  analogies.  The  substances  which  che- 
mists have  heretofore  understood  by  the  name  salty  are  com- 
pounds  of  two  other  compounds,  one  of  which  is  considered 
as  a  base  and  the  other  as  an  acid.  AU  the  bases,  excepting 
ammonia,  are  metalUc  oxides ;  and  the  acids  contain  either 
oxygen  or  hydrogen,  united  with  some  other  ingredient.  In 
the  formation  of  a  base  the  positive  electrical  energy  of  the 
metal  is  preserved  in  the  compound  ;  and  in  an  acid  the  elec- 
trical energy  of  the  negative  element  is  equally  conspicuous. 
When  an  acid  and  alkali  unite,  each  more  or  less  completely 
destroys  the  electric  energy  peculiar  to  the  other,  and  the 
product  is  a  body  electrically  neutral  or  indiflFerent,  capable 
in  most  cases  of  crystallizing,  and  having  the  well-known 
saline  appearance  exhibited  by  salts  in  general.  But  it  has 
been  proved  that  compounds  may  exist,  having  the  attributes 
of  salts,  and  composed  of  compounds  which  stand  towards 
each  other  in  the  relation  of  acid  and  base,  though  they  con- 
tain  neither  oxygen  nor  hydrogen ;  and  every  one  is  familiar 
with  the  fact,  that  sea-salt,  the  type  of  saline  bodies,  a  neutral 
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of  baiyta  in  an  excess  of  this  add,  carbonic  acid  ii  gradually 
erolved,  and  a  compound  is  formed,  which  appiears  to  be  a 
fluoride  of  barium.  It  in  very  slightly  soluble  in  vater  and 
hydrofluoric  acid ;  but  it  is  dissolved  freely  by  muriatic  add, 
and  ammonia  added  to  the  solution  causes  a  precipitate,  which 
is  a  compound  of  fluoride  and  cShloride  of  barium.  A  similar 
substance  is  formed  on  mixing  a  solution  of  muriate  of  baryta 
with  an  alkaline  hydrofluate. 

On  digesting  newly  predpitated  carbonate  of  lime  in  an 
excess  of  hydrofluoric  add,  a  granular  fluoride  of  caldum  ia 
generated.  It  is  insoluble  in  water  and  hydrofluoric  add,  and 
is  very  slightly  dissolved  by  muriatic  add.  It  may  also  be 
formed  by  double  decomposition ;  but  it  then  forma  a  trane- 
ludd  jelly,  which  fills  up  the  pores  of  a  filter,  and  is  therefore 
washed  with  difficulty.  This  compound  appears  to  be  identi- 
cal with  the  beautiful  mineral  commonly  known  by  the  name 
tXftuoT  or  Derbifthire  tpar.  This  mineral  frequently  aocooi. 
panics  metallic  ores,  especially  those  of  lead  and  tin ;  and  it 
often  occurs  crystallized  dther  in  cubes  or  some  of  its  allied 
forms.  The  crystals  found  in  the  lead  mines  of  Derbyshire 
are  remarkable  for  the  largeness  of  their  size,  the  r^ularity 
of  tbdr  form,  and  the  variety  and  beauty  of  their  colours. 
It  is  employed  in  forming  vases,  as  a  flux  to  metallurgic  pro- 
ceases,  and  in  the  preparation  of  hydrofluoric  add.  The  nature 
and  oompoaatimi  of  this  substance  were  considered  m  a  former 
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obtained  by  evaporating  a  muriatic  solution  of  gold  with  ex- 
cess of  acid  at  a  very  moderate  temperature,  when  crystals 
are  obtained  consisting  of  chloride  of  gold  and  muriatic  acid. 
The  compound  of  fluoride  of  potassium  and  hydrofluoric  acid 
pfi^rs  another  example.     These  compounds  may  be  called 
hydrO'haloid'Salts.     The  second  mode  of  combination,  which 
is  more  frequent,  gives  rise  to  what  may  be  termed  axy-haloid* 
saltSf  being  composed  of  a  metallic  oxide  united  with  a  haloid 
salt  of  the  same  metal.     Thus,  chloride  of  lead  combines  with 
oxide  of  lead  ;  and  submuriate  of  iron,  obtained  by  evapora- 
ting permuriate  of  iron  in  an  open  vessel  by  a  rather  strong 
heat,  is  considered  by  Berzelius  as  a  similar  compound.     The 
third  kind  of  combination  is  productive  of  double  haloid- 
salts.     They  may  consist,  first,  of  two  simple  haloid-salts 
which  contain  difierent  metals,  but  the  same  non-metallic  in- 
gredient, as  the  double  chloride  of  potassium  and  gold,  or  the 
double  fluoride  of  potassium  and  silicium ;  secondly,  of  two 
haloid-salts  consisting  of  the  same  metal,  but  in  which  the 
other  element  is  different,  as  the  compound  of  chloride  of 
lead  with  fluoride  of  lead ;  and,  thirdly,  of  two  simple  haloid- 
salts,  of  which  both  elements  are  entirely  different.     In  some 
cases  haloid-salts  unite  with  common  salts ;  as,  for  example, 
when  chloride  of  sodium  is  fused  with  carbonate  of  baryta, 
or  carbonate  of  soda  with  chloride  of  barium.  (Page  691  •)   A 
compound  containing  nitrate  of  oxide  of  silver  and  cyanuret 
of  silver,  observed  by  Wohler,  is  an  instance  of  the  same  de- 
scription ;  and  M.  Caillot  has  succeeded  in  obtaining  definite 
compounds  of  bicyanuret  of  mercury  with   the   hydrobro- 
mates  of  ammonia,  quina,  and  cinchonia. 

An  able  attempt  to  overthrow  the  doctrine  of  the  haloid- 
salts  has  been  made  by  Bonsdorff,  founded  on  the  double 
haloid-salts  of  Berzelius.  (An.  de  Gh.  et  Ph.  xliv.  189) 
Bonsdorff  contends  that  these  so-called  double  salts  are  really 
simple  salts,  in  which  two  simple  haloid-salts,  like  two  oxi- 
dized bodies,  stand  to  each  other  in  the  relation  of  add  and 
base :  he  considers  as  acids  the  chlorides  of  mercury,  gold, 
platinum,  and  of  those  metals  generally  which  when  oxidized 
yield  feeble  bases,  and  which  are  hence  often  termed  e&c- 
tro-negaiive  metals;  whereas  those  chlorides  act  as  bases, 
which  contain  potassium  or  some  electro-positive  metal.  He 
found  that  a  solution   of  corrosive   sublimate   reddens  lit- 
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iattdj  been  examined  b;  Gaj-LuBsac  The  volstile  produets 
are  ammoaU  and  h;droBul|^uret  trf  ammonu;  and  the  6xed 
raidue  conflstB  of  sulphate  of  lime  with  chloride  and  sulphu- 
ret  of  caldum.  The  lulphuretted  hydrogen  is  formed  from 
the  hydrogen  of  muriatic  acid  uniting  with  Bulphur,  and  the 
oxygen  of  the  tulfrfiuric  acid  is  derived  from  decompoMd  lime^ 
the  calcium  of  which  ia  divided  between  the  chloritw  of  tbe 
muriatic  add  and  sulphur.  Hydrosulphuret  of  ammonia  may 
also  be  formed  by  the  direct  union  <^  ila  constituent  gases, 
and  if  tbey  are  mixed  in  a  g^ass  globe  kept  cool  by  io^ 
the  salt  is  depoated  in  crystals.  It  is  much  used  as  a  re.«gent, 
and  for  this  purpose  is  usually  prepared  by  saturating  a  solu. 
tion  of  ammonia  with  sulphuretted  hydrogen  gas. 

HydtvteUttiatet. — ^Tbese  salts  have  been  little  examined, 
owing  to  the  Bcardty  of  selenium.  The  researches  of  Bene- 
lius  have  demonstrated,  however,  that  hydroselenic  acid  forms 
with  the  alkalies  soluble  compounds,  which  are  very  analogous 
in  their  chemical  relations  to  the  hydrosulphates,  and  which 
predpitste  the  salts  of  the  common  metals,  giving  rise  in 
most,  if  not  in  all  cases,  to  the  formation  of  a  metallic  sde> 
niuret 

HYDSOCYANATES. 

Hydrocyanic  add  uuites  with  alkalies  and  alkaline  earths, 

and  probably  with  several  other  bases;  but  these  compounds 

have  as  yet  been  studied  in  a  very  imperfect  manner.     Hr- 
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takes  up  an  additional  quantity  of  the  add,  which  it  already 
contains,  and  forms  the  bisulphate ;  and  the  union  of  bichlo- 
ride of  mercury  with  the  oxide  of  that  metal,  or  of  the  chlo- 
ride and  oxide  of  lead,  is  compared  to  the  conversion  of  the 
neutral  chromate  into  dichromate  of  lead.  But  the  cases  are 
clearly  not  parallel;  whereas  the  compound  of  a  metallic 
chloride  and  an  oxide  bears  a  close  analogy  in  composition 
with  the  chromate  of  an  oxide. 

Another  series  of  facts  was  observed  by  M.  Persoz  which 
at  first  appeared  greatly  favourable  to  the  views  of  Bonsdorff. 
(An.  de  Ch.  et  Ph.  xliv.  315.)  He  found  that  many  of  the 
metallic  chlorides  have  the  property  of  absorbing  dry  ammo- 
niacal  gas,  and  combining  with  it  in  definite  proportion :  the 
perchlorides  of  chromium,  tin,  antimony,  and  iron,  do  so  at 
common  temperatures ;  and  most  of  the  other  chlorides  absorb 
ammonia  when  gently  warmed.  Similar  compounds  were 
described  about  the  same  time  by  Rose,  (Fog.  An.  xx.  149)) 
who  appears  to  have  studied  them  more  fully  and  carefully 
than  M.  Persoz.  The  chlorides  of  potassium,  sodium,  and 
barium  do  not  absorb  ammonia,  while  those  of  strontium  and 
calcium  combine  with  4  equivalents  of  the  alkali.  Chloride 
of  copper  absorbs  3  equivalents,  and  acquires  the  same  deep 
blue  tint  as  the  ammoniaco-sulphate  of  copper.  Chloride  of 
nickel  unites  with  3,  and  chloride  of  cobalt  with  2  equivalents 
of  ammonia.  Chloride  of  silver  takes  up  slowly  1^  equivalent. 
Calomel  absorbs  half  an  equivalent  and  forms  a  black  com- 
pound ;  but  on  exposure  to  the  air  the  ammonia  flies  off,  and 
pure  white  calomel  remains.  Corrosive  sublimate  by  the  aid 
of  heat,  rapidly  absorbs  half  an  equivalent  of  ammonia,  and 
forms  a  white  compound,  which  is  insoluble  in  water,  and 
bears  a  considerable  temperature  without  decomposition :  the 
white  precipitate  of  pharmacy  is  probably  analogous  in  nature, 
though  the  ratio  of  its  ingredients  is  different.  The  metallic 
bromides  and  iodides,  as  well  as  the  bi-cyanuret  of  mercuryt 
absorb  ammonia  in  the  same  manner  as  the  chlorides.  Nearly 
all  of  these  compounds  depend  on  very  feeble  affinities.  Most 
of  them  lose  their  ammonia  by  mere  exposure  to  the  air,  and 
it  is  expelled  from  nearly  all  by  a  very  moderate  heat :  in 
some  instances,  as  with  the  chloride  of  titanium,  heat  occa- 
sions reaction  between  the  chlorine  and  ammonia,  and  the 
metal  is  insulated;  but  in  general  the  alkali  is  simply  ex- 
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*  Ferrocyanste  of  potash  is  a  perfectly  neutral  salt,  which  is 
sduUe  in  leu  than  its  own  weight  of  water,  and  fonns  large 
transparent,  four-sided  tabular  crystals,  derived  from  an  acute 
rhombic  octohedron,  the  apices  of  which  are  deeply  truncated. 
The  colour  of  the  salt  is  lemon-yellow;  it  is  inodorous,  has  a 
slightly  bitter  taste,  but  quite  different  from  that  of  hydro- 
cyanic acid,  and  is  permanent  in  the  air.  When  heated  to 
212°  F.,  or  even  below  that  temperature,  each  equivalent  of 
the  salt  parts  with  three  equivalents  of  water,  leaving  one 
equivalent  of  ferrocyenuret  of  potassium.  The  water,  indeed, 
is  disengaged  with  such  facility,  that  Berzelius,  and  I  appre- 
hend correctly,  regards  the  crystals  as  consisting  of  ferrocya- 
nuret  of  potassium  combined  with  three  equivalents  of  water 
of  crystallization.  (An,  de  Ch.  et  de  Ph.  voL  xv.)  On  heat- 
ing the  dry  compound  to  full  redness  in  close  vessels,  decom- 
position takes  place,  nitrogen  gas  is  disengaged,  and  cyanuret 
of  potassium  mixed  with  carburet  of  iron  remains  in  the  retort. 
Very  great  diversity  of  opinion  prevails  respecting  the 
atomic  constitution  of  this  salt.  There  is  good  reason  to  be- 
lieve from  the  experiments  of  Berzelius,  Phillips,  and  others, 
that  one  equivalent  of  the  crystallized  salt  contains  the  fol- 
lowing substances : —  « 

Cyanogen     .  78     or  3  equivalents.  j  ^  / 

Potassium    .  78-3      2  equivalents.  ~ 
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base;  and  a  regular  salt  would  be  thus  produced.  Some  of 
these  compounds  are  insoluble ;  but  many  of  them  are  solu- 
ble in  water,  and  may  be  obtained  in  crystals  by  evaporation. 
(An.  de  Ch.  et  Ph.  xxxii.  60.) 

The  electro-negative  sulphurets,  known  to  yield  sulphur* 
salts,  are  those  of  arsenic,  antimony,  tungsten,  molybdenum, 
tellurium,  tin,  and  gold ;  and  the  sulphurets  of  several  other 
substances  not  metallic  are  likewise  capable  of  acting  as  the 
negative  ingredient.  The  compounds  to  which  Berzelius 
attributes  this  property  are  sulphuret  of  selenium,  sulphuret- 
ted hydrogen,  sulphuret  of  carbon,  and  sulphocyanic  acid. 
He  adds,  also,  that  in  the  same  manner  as  positive  oxides 
sometimes  combine,  so  may  sulphur-salts  be  formed  by  the 
union  of  electro-positive  sulphurets.  The  native  double  sul- 
phuret of  copper  and  iron,  and  a  considerable  number  of 
similar  compounds,  are  instances  of  this  nature. 

Berzelius  has  suggested  a  nomenclature  for  the  sulphur- 
salts,  in  order  to  assimilate  them  more  completely  with  the 
oxygen  or  oxy-salts ;  and  eventually  the  necessity  or  advan- 
tage of  some  change  of  the  kind  may  probably  be  experi- 
enced. But  as  new  views  are  often  rendered  unnecessarily 
complex,  and  their  intrinsic  value  obscured,  by  bdng  ex- 
plained in  new  language,  I  shall  confine  myself  as  strictly  as 
possible  to  terms  with  which  every  chemist  is  familiar  :  if,  in 
doing  so,  obscurity  should  arise,  or  a  false  notion  of  the  na- 
ture of  the  compounds  be  conveyed,  it  will  thereby  be  ren- 
dered apparent  that  other  terms  must  be  employed. 

HydrO'Sulphurets  of  Sulphur-bases. — The  sulphur-salts 
comprised  in  this  group  have  sulphuretted  hydrogen  for 
their  acid  and  a  metallic  sulphuret  for  their  base.  Though 
Berzelius  appears  to  me  to  have  established  their  existence, 
at  least  in  the  solid  state,  his  views  will  meet  with  decided 
opposition  from  many  chemists.  He  is  of  opinion  that  the 
salts  called  hydrosulphurets  of  oxides  have  no  existence: 
when  sulphuretted  hydrogen  is  introduced  into  a  solution  of 
soda,  he  conceives  water  and  sulphuret  of  sodium  to  be  gene- 
rated ;  and  if,  after  this  change,  more  of  the  gas  is  employed, 
the  acid  unites  with  the  sulphuret  of  sodium,  and  gives  rise 
to  a  hydro-sulphuret  of  that  sulphuret.  Up  to  this  point  we 
have  only  a  different  opinion  of  the  nature  of  solutions,  which 
most  chemists  would  consider  as  containing  hydrosulphuret 
and  bi-hydrosulphurct  of  soda,  similar  to  the  salts  which  am- 
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Prussian  blue  are  generated.  Again,  when  protosulphate  of 
iron  and  ferro-prussiate  of  potash  are  mixed  together  in  so- 
lution, a  white  precipitate  subsides,  which  apparently  con- 
tains the  same  ingredients,  though  probably  in  different  pro- 
portions, as  the  white  matter  above  described  :  it  becomes 
blue  by  simple  exposure  to  the  air,  and  at  the  same  time 
water  separates  cyanuret  of  potassium. 

Ferrocyaaate  of  Baryta  is  prepared  by  digesting  purified 
Prussian  blue  with  a  solution  of  pure  baryta.  It  is  soluble 
in  water,  and  forms  yellow  crystals  by  evaporation.  It  is 
used  in  tlie  formation  of  ferrocyanic  acid. 

When  ferrocyanate  of  potash  is  mixed  in  solution  with  a 
salt  of  lead,  a  while  precipitate  subsides,  which  Berzelius  has 
proved  to  be  similar  in  composition  to  ferrocyanuret  of  potas- 
sium, consisting  of  one  equivalent  of  the  radical  of  ferrocyanic 
acid,  and  two  equivalents  of  lead.  With  salts  of  mercury 
and  silver,  analogous  compounds,  likewise  of  a  white  colour, 
are  generated.  With  a  salt  of  copper,  ferrocyanate  of  potash 
causes  a  brownish-red  precipitate  which  is  either  a  ferro- 
cyanuret of  metallic  copper  or  a  ferrocyanate  of  its  oxide. 
Most,  if  not  all,  of  these  precipitates  contain  variable  quan- 
tities of  cyanuret  of  potassium. 

Ferrocyanate  of  Peroxide  of  Iron,  which  is  formed  by  mix- 
ing ferrocyanic  acid  or  ferrocyanate  of  potash  witli  a  )HTsnll 
of  iron  in  slight  excess,   and   washing  the  precipitate  with 
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with   persulphuret   of  arsenic,   in  which  case   sulphuretted 
hydrogen  is  disengaged  with  effervescence. 

3.  By  decomposing  a  solution  of  an  arseniate  by  means  of 
sulphuretted  hydrogen  or  hydrosulphuret  of  ammonia. 

4.  By  dissolving  persulphuret  of  arsenic  in  a  solution  of 
caustic  alkali.  In  this  operation  some  of  the  alkali  and  per- 
sulphuret interchange  elements,  whereby  arsenic  acid  and  a 
sulphur-base  are  generated  :  the  acid  forms  an  arseniate  with 
undecomposed  alkali,  and  the  sulphur-base  unites  with  unde- 
composed  persulphuret  of  arsenic.  This  change  may  be  fur- 
ther illustrated  by  the  action  of  orpiment  on  a  solution  of 
potash.  In  this  case  the  oxygen  of  a  portion  of  potash  unites 
with  arsenic,  and  potassium  with  sulphur :  arsenious  acid, 
proportional  in  composition  to  the  sesquisulphuret,  and  suU 
phuret  of  potassium  result ;  and  while  the  former  attaches 
itself  to  the  alkali,  forming  arsenite  of  potash,  the  latter  com- 
bines with  orpiment.  Similar  changes  ensue  when  sulphuret 
of  antimony,  and  other  electro-negative  sulphurets,  are  boiled 
with  alkalies.  An  oxy-salt,  the  acid  of  which  is  formed  of 
oxygen  and  the  electro-negative  metal,  is  always  generated ; 
and  this  salt,  if  soluble  in  water,  remains  together  with  the 
sulphur-salt  in  solution.  An  alkaline  carbonate  may  be  sub- 
stituted for  a  pure  alkali,  but  in  that  case  carbonic  acid  is 
expelled. 

5.  The  last  method  which  requires  mention,  is  by  exposing 
a  mixture  of  persulphuret  of  arsenic  and  an  alkaline  carbo- 
nate to  a  red  heat  in  a  covered  vessel.  Carbonic  acid  gas  is 
disengaged ;  and  an  interchange  of  elements,  similar  to  that 
just  explained,  takes  place  between  a  portion  of  the  alkali  and 
the  sulphuret.  The  fused  mass,  accordingly,  contains  an 
arseniate  of  the  alkali,  as  well  as  a  sulphur-salt.  This 
tendency  to  the  formation  of  a  double  sulphuret  is  the  reason 
why,  in  decomposing  orpiment  by  black  flux,  the  whole  of 
the  arsenic  is  never  sublimed :  a  part  is  uniformly  retained  in 
the  form  of  a  sulphur-salt,  the  arsenio-sesquisulphuret  of 
sulphuret  of  potassium. 

Most  of  the  arsenio-sulphurets  of  the  metals  of  the  second 
class  are  insoluble ;  but  those  of  the  metals  of  the  alkalies  and 
alkaline  earths  are  very  soluble  in  water,  have  a  lemon-yellow 
colour  in  the  anhydrous  state,  and  are  colourless  when  com- 
bined with  water  of  crystallization  or  in  solution.     When  ex- 
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The  sulphar-salts  of  the  protosulphuret  of  arsenic  cannot  be 
made  in  the  moist  way  by  direct  union  of  their  ingredients ; 
but  when  solutions  of  the  neutral  compounds  of  the  sesqui- 
sulphuret  are  evaporated,  spontaneous  decomposition  takes 
place,  the  salts  of  the  protosulphuret  of  arsenic  of  a  reddish 
brown  colour  subside,  while  the  arsenio-persulphurets  remaiD 
in  solution. 

Molybda-sulphureis. — In  the  close  of  his  essay  on  the 
sulphur-salts,  Berzelius  has  described  some  remarkable  com- 
pounds of  sulphur  bases  united  with  the  ter-sulphuret  of 
molybdenum.  One  of  the  most  splendid  of  these  sulphur- 
salts  is  the  molybdo-tersulphuret  of  sulphuret  of  potassium^ 
formed  by  decomposing  a  rather  strong  solution  of  molybdate 
of  potash  by  sulphuretted  hydrogen.  If  no  iron  is  present 
the  h'quid  acquires  a  beautiful  red  colour  like  the  solution  of 
bichromate  of  potash,  and  on  evaporation  prismatic  crystals 
with  four  and  eight  sides  are  deposited.  Berzelius  describes 
this  compound  as  one  of  the  most  beautiful  which  chemistry 
can  produce :  the  crystals  by  transmitted  light  are  ruby  red, 
and  their  surfaces,  while  moist  with  the  solution  which  yielded 
them,  shine  like  the  wings  of  certain  insects  with  a  metallic 
lustre  of  a  rich  green  tint.  The  easiest  mode  of  preparing 
this  compound  is  by  heating  the  native  bisulphuret  of  mo- 
lybdenum with  a  persulphuret  of  potassium,  when  a  sulphur- 
salt  results  composed  of  one  equivalent  of  tersulphuret  of 
molybdenum  and  one  equivalent  of  protosulphuret  of  potas- 
sium, which  may  be  obtained  in  crystals  by  solution  in  water 
and  evaporation.  Take  for  this  purpose  2  parts  of  carbonate 
of  potash,  3  of  sulphur,  4  of  sulphuret  of  molybdenum,  and 
about  half  a  part  of  charcoal  in  powder,  which  is  added  to 
prevent  the  formation  of  a  sulphate:  these  materials,  well 
mixed,  are  put  into  a  hessian  crucible,  the  mass  is  covered  by 
charcoal  to  protect  it  from  the  air,  and  the  crucible  is  closed 
by  a  well  luted  cover.  A  heat  short  of  redness  is  first  ap. 
plied  in  order  that  a  persulphuret  of  potassium  should  be 
generated ;  and  as  soon  as  burning  sulphur  ceases  to  appear 
at  the  joining  of  the  crucible  with  its  cover,  the  heat  is  raised 
to  whiteness,  and  kept  so  for  an  hour  or  two,  until  the  air 
rising  from  the  crucible  has  no  odour  of  sulphurous  add. 
The  crucible  may  then  be  removed,  be  unluted  when  cold, 
and  the  molybdo-tersulphuret  dissolved  out  by  warm  water. 
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compound,  possessed  in  an  eminent  degree  of  the  appearance 
of  a  salt,  has  been  excluded  from  the  list  of  salt*,  because, 
though  like  a  salt  in  character,  it  is  unlike  in  compositioD. 
These  and  similar  circumstances  have  induced  Berselius  to 
modify  and  extend  his  notion  of  a  salt,  and  to  describe  under 
that  name  the  several  groups  of  compounds  referred  to  in  this 
section. 

UALOID-SALTa. 
This  term  comprehends  all  those  compounds  which  consist 
of  a  metal  on  the  one  hand,  and  of  chlorine,  iodine,  fluorine, 
and  the  radicals  of  the  hydracids  in  general,  excepting  aul- 
phiir,  on  the  other.  The  whole  series  of  the  metallic  chlo- 
rides, iodides,  and  fluorides,  such  as  chlorideof  sodium,  iodide 
of  potassium,  and  fluor  spar,  as  wdl  as  the  cyanurets,  sul{dM^ 
cyanurets,  and  ferrocyanurets,  are  included  in  the  list  d 
Haloid-iatls.  In  point  of  composition  they  have  a  striking 
resemblance  to  oxides  and  sulphurets,  in  connexion  with 
which  they  have  already  been  described  ;  but  when  we  com- 
pare soda  with  sea-salt,  we  cannot  fail  to  be  struck  with  the 
striking  difference  of  their  character,  the  perfect  neutrality  of 
the  one,  both  as  to  test  paper  and  tendency  to  combine  with 
other  bodies,  forming  a  strong  contrast  with  the  causticity,  al> 
kalinity,  and  extensive  affinity  of  the  other.  The  word  haloid, 
(from  aAf,  sea-salt,  and  iISo;,  form)  is  aptly  applied  to  dis- 
tinguish the  whole  of  the  series,  because  in  constitution  they 
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alcohol  consists  of  carbon,  hydrogen,  and  oxygen  in  the  ratio 
of  2,  3,  and  1  equivalents,  the  simple  expression  of  its  com- 
position, independently  of  theory,  will  be  2C4-3H+0  ;  ^but 
as  these  elements  are  in  the  exact  ratio  for  forming  olefiant 
gas  and  water,  (2H+2C)-|-(H-f  O),  it  may  be  thought  that 
alcohol  consists  of  one  equivalent  of  olefiant  gas  united  with 
one  equivalent  of  water.  In  like  manner  the  elements  of  sul- 
phuric ether  are  indicated  by  the  formula  4C+5H+0 ;  and 
as  these  may  be  arranged  in  the  order  2(2H+2C)+(H+0), 
ether  may  be  regarded  as  a  compound  of  two  equivalents  of 
olefiant  gas  and  one  of  water.  This  mode  of  expressing  the 
composition  of  organic  bodies  originated  with  Gay-Lussac, 
and  whether  true  or  not  it  offers  a  simple  and  convenient 
view  of  their  constitution,  and  frequently  facilitates  the  com- 
prehension of  chemical  changes.  The  opinion  of  Gray-Lussac, 
in  the  instances  adduced,  is  supported  by  the  known  tendency 
of  the  carburets  of  hydrogen  to  unite  as  such  with  otb^ 
bodies ;  and  the  resolution  of  alcohol  by  galvanism  into  olefi- 
ant gas  and  water  observed  by  Dr.  Ritchie,  is  an  additional 
argument  on  the  same  side  of  the  question.  An  opposite  opi- 
nion, however,  is  maintained  by  BerzeUus,  who  considers  the 
elements  of  organic  and  inorganic  substances  to  be  arranged 
in  a  manner  essentially  different:  the  former  he  conceives 
rarely  consist  of  binary  compounds  like  the  latter,  but  that  in 
general  all  the  equivalents  of  all  the  elements  present  combine 
directly  with  each  other.  Liebig  and  Wohler,  in  their  essay 
on  cyanic  add,  have  also  adduced  an  argument  against  the 
views  of  6ay-Lussac,  drawn  from  the  interesting  facts  on 
isomerism  established  by  their  researches  (page  409);  and 
Robiquet  appears  to  participate  in  their  sentiments.  (An.  de 
Ch.  et  Ph.  xlvii.  52.)  But  unless  I  am  greatly  deceived,  the 
correct  conclusion  deducible  from  their  facts  is  exactly  op- 
posed to  their  inference :  they  have  proved  the  existence  of 
three  compounds,  hydrous  cyanic  acid  and  the  two  cyanuric 
acids,  formed  of  the  same  elements  in  the  same  ratio»  a  phe* 
nomenon  scarcely  explicable  if  all  the  elements  were  arranged 
indiscriminately  with  each  other ;  whereas  the  same  elements 
may  form  very  various  binary  compounds,  which,  uniting 
with  each  other  in  different  ways,  must  necessarily  form  com- 
pounds essentially  distinct.  It  is  by  proving  the  possibility 
of  different  arrangements  of  the  same  elements,  that  the  dia- 
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by  direct  union  of  their  elements.  Thus  no  chemist  has 
hitherto  succeeded  in  causing  oxygen,  hydrogen,  and  carbon 
to  unite  directly  so  as  to  form  gum  or  sugar.  When  these 
principles  are  made  to  combine  by  chemical  means,  they 
always  give  rise  to  the  production  of  water  and  carbonic  acid. 

Animal  and  vegetable  substances  are  all  decomposed  by  a 
red  heat,  and  nearly  all  are  partially  affected  by  a  temperature 
far  below  ignition.  When  heated  in  the  open  air,  or  with 
substances  which  yield  oxygen  freely,  they  bum,  and  are  con- 
verted into  water  and  carbonic  acid  ;  but  if  exposed  to  heat 
in  vessels  from  which  atmospheric  air  is  excluded,  very  com* 
plicated  products  ensue.  A  compound  consisting  of  carbon, 
hydrogen,  and  oxygen,  yields  water,  carbonic  add,  carbonic 
oxide,  carburetted  hydrogen  of  various  kinds,  and  probably 
pure  hydrogen.  Besides  these  products,  some  acetic  add  is 
commonly  generated,  together  with  a  volatile  oil  which  has  a 
dark  colour  and  burnt  odour,  and  is  hence  called  empyreu- 
matic  oil.  An  azotized  substance,  in  addition  to  these,  yields 
ammonia,  cyanogen,  and  probably  free  nitrogen. 

From  the  foregoing  remarks,  it  appears  that  organic  pro- 
ducts are  characterized  by  the  following  circumstances :— Ist, 
by  being  composed  of  the  same  elements ;  2d,  by  the  facility 
with  which  they  undergo  spontaneous  deoompodtion  ;  3d,  by 
the  impracticability  of  forming  them  by  the  direct  union  of 
their  principles;  and,  4th,  by  bdng  decomposed  at  a  red 
heat. 

VEGETABLE   CHEMISTRY. 

All  bodies  which  are  of  vegetable  origin  are  termed  vege- 
table substances.  They  are  nearly  all  composed  of  oxygen, 
hydrogen,  and  carbon,  and  in  a  few  of  them  nitrogen  is  like- 
wise present.  Every  distinct  compound  which  exists  ready 
formed  in  plants,  is  called  a  proximate  or  immediate  principle 
of  vegetables.  Thus  sugar,  starch,  and  gum,  are  proximate 
principles.  Opium,  though  obtained  from  a  plant,  is  not  a 
proximate  principle ;  but  consists  of  several  proximate  princi- 
ples mixed  more  or  less  intimately  with  each  other. 

The  proximate  principles  of  vegetables  are  sometimes  dis- 
tributed over  the  whole  plant,  while  at  others  they  are  con- 
fined to  a  particular  part.  The  methods  by  which  they  are 
procured  are  very  variable.    Thus  gum  exudes  spontaneously, 
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pelled,  and  the  chloride  returns  to  its  former  condilioD. 
Though  these  ammoniacal  chlorides  may  be  viewed  as  salts 
in  which  the  metallic  chloride  acts  as  an  acid,  they  appear  to 
be  more  closely  allied  to  those  singular  compounds  of  ammo- 
nia with  regular  salts  which  have  already  been  described- 
(Page  661.)  To  this  remark  the  ammoniacal  chloride  of 
mercury  is  an  exception. 

I  have  thus  endeavoured  to  give  a  fair  statement  of  the 
question  concerning  the  nature  of  the  haloid-salts,  and  have 
done  so  the  more  willingly,  because  the  discussion  necessarily 
brought  under  review  various  modes  of  combination,  which 
could  not  be  so  conveniently  considered  in  other  parts  of  the 
volume.  Though  the  chlorides  must  be  ranked  with  oxides 
or  salts  according  as  composition  or  character  is  taken  as  the 
criterion  of  a  salt,  yet  the  question  is  primarily  not  one  of 
definition.  The  point  is,  whether  the  chlorides,  in  their  che- 
mical relations  to  each  other  and  to  other  bodies,  are  more 
allied  to  oxides  or  salts ;  and  as  soon  as  this  is  fully  settled, 
which  the  experience  of  a  few  years  will  probably  decide,  the 
definition  of  a  salt  must  be  worded  accordingly. 

SULPHUR-SALTS. 
Chemists  have  been  long  familiar  with  the  fact  that  metal- 
lic sulphurets  occasionally  combine  together,  and  constitute 
what  is  commonly  called  a  double  aulphuret.     In  these  com- 
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cover  the  precise  quantity  of  oxygen  which  has  entered  into 
union  with  the  carbon  and  hydrogen  of  the  substance  sub- 
mitted to  examination. 

The  ultimate  analysis  of  organic  bodies  is  one  of  the  most 
delicate  operations  with  which  the  analytical  chemist  can  be 
engaged.  The  chief  cause  of  uncertainty  in  the  process  arises 
from  the  presence  of  moisture,  which  is  retained  by  some 
animal  and  vegetable  substances  with  such  force,  that  it  can 
be  expelled  only  by  a  temperature  which  endangers  the  de- 
composition of  the  compound  itself.  The  best  mode  of  dry- 
ing organic  matters  for  the  purpose,  is  by  confining  them  with 
sulphuric  acid  under  the  exhausted  receiver  of  an  air-pump, 
and  exposing  them  at  the  same  time  to  a  temperature  of 
212^  F., — a  method  adopted  by  Berzelius,  and  for  which  a 
neat  apparatus  has  been  described  by  Dr.  Prout.  (Annals  of 
Philosophy,  vol.  vi.  p.  272.)  Another  source  of  difficulty  is 
occasioned  by  atmospheric  air  within  the  apparatus,  owing  to 
the  presence  of  which  nitrogen  may  be  detected  in  the  pro- 
ducts, without  having  been  contained  in  the  substance  ana- 
lyzed. 

But  though  the  ultimate  analysis  of  organic  substances  is 
difficult  in  practice,  in  theory  it  is  exceedingly  simple.  It 
consists  in  mixing  three  or  four  grains  of  the  body  to  be  aiuu 
lyzed  with  about  200  grains  of  peroxide  of  copper,  heating 
the  mixture  to  redness  in  a  glass  tube,  and  collecting  the 
gaseous  products  in  a  graduated  glass  jar  over  mercury. 
From  the  quantity  of  carbonic  acid  procured  by  measure,  its 
weight  may  readUy  be  inferred  (page  272) ;  and  from  this, 
the  quantity  of  carbonaceous  matter  may  be  calculated,  by 
recollecting  that  every  22  grains  of  the  acid  contain  16  of 
oxygen  and  6  of  carbon. 

In  order  to  ascertain  the  quantity  of  hydrogen,  the  gaseous 
products  are  transmitted  through  a  tube  filled  with  fragments 
of  fused  chloride  of  calcium,  which  absorbs,  all  the  watery 
vapour ;  and  by  its  increase  in  weight  indicates  the  precise 
quantity  of  that  fluid  generated.  Every  nine  grains  of  water 
thus  collected  correspond  to  one  grain  of  hydrogen  and  eight 
of  oxygen. 

If  the  quantity  of  oxygen  contained  in  the  carbonic  add 
and  water  corresponds  precisely  to  that  lost  by  the  oxide  of 
copper,  it  follows  that  the  organic  substance  itself  was  free 
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guiQi  Starch,  or  the  woody  fibre,  when  the  oxygen  and  hydro* 
gen,  which  it  contains,  are  in  the  exact  proportion  for  form* 
ing  water.  These  laws,  indeed,  are  not  rigidly  exact,  nor  do 
they  include  the  vegetable  products  containing  nitrogen ;  but 
for  want  of  a  better  principle  of  classification,  I  shall  follow 
M.  Thenard  in  making  them,  to  a  certain  extent,  the  baas  of 
my  arrangement.  The  proximate  principles  of  plants  will 
accordingly  be  arranged  in  five  divisions.  The  first  includes 
the  vegetable  adds ;  the  second  vegetable  alkalies ;  the  third 
comprises  those  substances  which  contain  an  excess  of  hydro- 
gen ;  the  fourth  includes  those,  the  oxygen  and  hydrogen  of 
which  are  in  proportion  for  forming  water ;  and  the  fifth  com- 
prehends those  bodies  which,  so  far  as  is  known,  do  not  be- 
long to  either  of  the  other  divisions. 

SECTION  I. 

VEGETABLE   ACIDS. 

Thosb  compounds  are  regarded  as  vegetable  acids  which 
possess  the  properties  of  an  add,  and  are  derived  from  the 
vegetable  kingdom.  These  acids,  like  all  organic  prindples, 
are  decomposed  by  a  red  heat.  They  are  in  general  less 
liable  to  spontaneous  decomposition  than  other  vegetable  sub- 
stances ;  a  circumstance  which  probably  arises  from  the  large 
proportion  of  oxygen  which  they  contain.  They  are  nearly 
all  decomposed  by  concentrated  hot  nitric  add,  by  which  they 
are  converted  into  carbonic  acid  and  water. 

ACETIC    ACID. 

Acetic  add  exists  ready  formed  in  the  sap  of  many  plants, 
dther  free  or  combined  with  lime  or  potash  ;  it  is  generated 
during  the  destructive  distillation  of  vegetable  matter,  and  is 
an  abundant  product  of  the  acetous  fermentation. 

Common  vinegar,  the  acidifying  prindple  of  which  is  acetic 
add,  is  commonly  prepared  in  this  country  by  fermentatioo 
from  an  infusion  of  malt,  and  in  France  from  the  same  process 
taking  place  in  weak  wine.  Vinegar,  fhus  obtained,  is  a  very 
impure  acetic  add,  containing  the  saccharine,  mudlaginous, 
glutinous,  and  other  matters  existing  in  the  fluid  from  which 
it  is  prepared.  It  ia  separated  from  these  impurities  by  dis- 
tiUation.    Distilled  vinegar  was  formerly  called  acetouM 
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posed  to  heat  in  close  veBsels  they  give  off  sulphur,  and  an 
arsenio-sesquisulphuret  is  generated.  In  the  solid  slate  they 
are  yery  permanent  in  the  air,  and  even  in  solution  oxidation 
takes  place  with  great  slowness.  When  decomposed  by  an 
acid  persulphuret  of  arsenic  subsides,  sulphuretted  hydrogen 
escapes,  and  a  salt  of  the  alkali  is  generated.  Some  chemists 
will  douht  the  possibility  of  the  argenio-sulphuretB  dissolving 
as  such  in  water :  they  will  incline  to  consider  the  arsenic  and 
the  metal  of  the  sulphur-base  to  be  united  with  oxygen,  and 
all  the  sulphur  with  hydrogen  ;  but  on  this  supposition  we 
shall  be  led  into  such  complex  and  improbable  modes  of  com- 
bination, that  I  see  DO  alternative  but  implicitly  to  adopt  the 
opinion  of  Berzelius. 

Sulphuret  of  potassium  forms  at  least  three  definite  sul- 
phur-salts with  persulphuret  of  arsenic.  The  neutral, 
(Po  +  S)  +  (AB+2iS),  is  formed  by  any  of  the  processes 
above  mentioned.  When  the  solution  is  mixed  with  alcohol, 
a  sub-persulphuret  falls,  li(Po+8)  +  (As+2iS),  which  ac- 
quires a  radiated  crystalline  texture  when  dried  by  a  gentle 
heat,  and  is  analogous  in  composition  to  the  red  arseniate  of 
silver.  (Page  680.)  A  hinarsenio-persulphuret,  (Po+S)-|- 
2(As  +  2iS,)  remains  in  solution  when  the  neutral  sulphur- 
salt  is  decomposed  by  alcohol. 

The  neutral  arsenio-persulphuret  of  tiulphuret  of  sodium 
does  not  crystallize;  but  when  its  solution  is  mixed  with  al- 
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Its  acidity  is  well  marked,  as  it  reddens  litmas  paper  power- 
fully, and  forms  neutral  salts  with  the  alkalies.  It  is  exceed- 
ingly volatile,  rising  rapidly  in  vapour  at  a  moderate  tempe- 
rature without  undergoing  any  change.  Its  vapour  is  inflam- 
mable, and  bums  with  a  white  light.  In  its  most  concentrated 
form  it  is  a  definite  compound  of  one  equivalent  of  water,  and 
one  equivalent  of  add  ;  and  in  this  state  it  crystallizes  when 
exposed  to  a  low  temperature,  retaining  its  solidity  until  the 
thermometer  rises  to  50°  F.  It  is  decomposed  by  being 
passed  through  red-hot  tubes ;  but  owing  to  its  volatility,  a 
large  quantity  of  it  escapes  decomposition. 

Dr.  Prout  has  established  the  singular  fact,  relative  to  the 
constitution  of  this  acid,  that  its  oxygen  and  hydrogen  are  in 
exact  proportion  to  form  water,  and  that  it  contains  47*05 
per  cent  of  carbon.  (PhiL  Trans.  1837,  355.)  It  may  hence 
be  inferred  to  consist  of  24  parts  or  4  equivalents  of  carbon, 
24  parts  or  3  equivalents  of  oxygen,  and  3  of  hydrogen.  This 
would  make  the  combining  proportion  of  acetic  add  51,  in- 
stead of  50  as  stated  by  Dr.  Thomson. 

The  only  correct  mode  of  estimating  the  strength  of  acetic 
add  is  by  its  neutralizing  power.  Its  spedfic  gravity  is  no 
criterion,  as  will  appear  from  the  following  table.  (Tbomson^s 
First  Prindples,  vol.  ii.  p.  135.) 

Table  exhibiting  the  density  of  acetic  add  of  different 
strengths. 


Acid.                 Water. 

tp.gr.  Mtm  p. 

1  atom  +     1  atom                                                      1*06996 

1+2              .            . 

1*07060 

1+3 

1*07080 

1+4 

107132 

1+6 

1*06820 

1+6 

1-06708 

1+7 

1*06349 

1+8 

1*05974 

1+9 

1*05794 

1+10 

105439 

The  acetic  is  distinguished  from  all  other  adds  by  its 
flavour,  odour,  and  volatility.  Its  salts,  which  are  called 
acetates^  are  all  soluble  in  hot  and  most  of  them  in  cold 
water,  are  destroyed  by  a  high  temperature,  and  are  decom- 
posed by  sulphuric  acid. 

Acetate  of  Potash. — This  salt  is  made  by  neutralizing  car« 


PART  ni. 

ON    OBOANIC   CHEMISTRY. 


The  department  of  organic  chemiatiy  OHnprehendB  the 
history  of  those  compounds  which  are  solely  of  animal  or 
vegetable  origin,  and  which  are  hence  colled  organic  sub. 
stances.  These  bodies,  viewed  collectiTcly,  form  a  remark* 
able  contrast  with  those  of  the  mineral  kingdom.  Such  sub- 
stances in  general  are  characterized  by  containing  some  prio* 
ciple  peculiar  to  each.  Thus  the  presence  of  nitrogen  in 
nitric,  and  of  sulphur  in  sulphuric  acid,  establishes  a  wide 
distinction  between  these  substances ;  and  although  in  many 
instances  two  or  more  organic  bodies  consist  of  the  same 
dements,  as  is  exemplified  by  the  compounds  of  sulphur  and 
oxygen,  or  of  nitrogen  and  oxygen,  they  are  always  few  in 
number,  and  distinguished  by  a  well>roarked  difference  in  the 
proportion  in  which  they  are  united.  The  products  of  animal 
•nd  vegetable  life,  on  the  contrary,  consist  essentially  of  the 
•atne  elementary  principles,  the  number  of  which  is  very 
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nated  by  dihedral  summits,  the  primary  form  of  which  is  a 
right  rhomboidal  prism.  The  latter  crystallizes  in  very  slen* 
der  acicular  crystals  of  a  silky  lustre,  and  is  chiefly  employ* 
ed  in  the  preparation  of  acetate  of  soda. 

Acetate  of  alumina  is  formed  by  adding  acetate  of  lead  to 
sulphate  of  alumina,  when  the  sulphate  of  lead  subsides,  and 
acetate  of  alumina  remains  in  solution.  It  is  used  by  dyers 
and  calico  printers  as  a  basis  or  mordaunt. 

Acetate  of  Lead.-^This  salt,  long  known  by  the  names  of 
sugar  of  lead  {saccharum  saturni)  and  cerutsa  acetaia^  is 
made  by  dissolving  either  carbonate  of  lead  or  litharge  in 
distilled  vinegar.  The  solution  has  a  sweet,  succeeded  by  an 
astringent  taste,  does  not  redden  litmus  paper,  and  deposits 
shining  acicular  crystals  by  evaporation.  When  more  re- 
gularly crystallized  it  occurs  in  six-sided  prismatic  crystals, 
cleavable  parallel  to  the  lateral  and  terminal  planes  of  a  right 
rhombic  prism,  which  may  be  r^arded  as  its  primary  form. 
(Mr.  Brooke.)  The  crystals  effloresce  slowly  by  exposure  to 
the  air,  and  require  about  four  times  their  weight  of  water  at 
60^  F.  for  solution.  They  are  composed,  according  to  Ber- 
zelius  and  Thomson,  of  51  parts  or  one  equivalent  of  the 
acid,  111*5  parts  or  one  equivalent  of  protoxide  of  lead,  and 
27  parts  or  three  equivalents  of  water. 

Acetate  of  lead  is  partially  decomposed,  with  formation  of 
carbonate  of  lead,  by  water  which  contains  carbonic  acid, 
or  by  exposure  to  the  air ;  but  a  slight  addition  of  acetic  add 
renders  the  solution  quite  clear. 

This  salt  is  much  used  in  the  arts,  in  medical  and  surgical 
practice,  as  a  sedative  and  astringent,  and  in  chemistry  as  a 
reagent. 

Subacetate  of  lead,  commonly  called  extractum  $ahirnij  is 
prepared  by  boiling  one  part  of  the  neutral  acetate,  and  two 
parts  of  litharge,  deprived  of  carbonic  acid  by  heat,  with  25 
parts  of  water. 

This  salt  is  less  sweet  and  more  soluble  in  water  than  the 
neutral  acetate,  and  has  an  alkaline  reaction :  Thenard  has 
obtained  it  by  evaporation  in  opaque  white  tabular  crystals, 
but  it  crystallizes  with  difficulty.  It  is  decomposed  by  a 
current  of  carbonic  acid,  with  production  of  pure  carbonate 
of  lead ;  and  forms  a  turbid  solution,  owing  to  the  formation 
of  a  carbonate,  when  it  is  mixed  with  water  in  which  carbonic 
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covery  of  isomeric  bodies  woounta  for  the  diffemice  of  pro- 
perty obserred  in  K>me  organic  substances,  which  io  compo- 
■tioD  are  apparendy  identical. 

Wb«i  oTfpuic  sabstances  are  heated  to  redness  with  pure 
potash  or  soda,  they  invariably  yield  alkaline  carbonates;  but 
at  a  temperature  of  about  400°  or  450°  F.,  many  of  them  are 
deoompooed  with  formation  of  oxalic  acid.  This  fact  has  been 
noticed  by  Gay<LuBsac,  who  ob&erved  it  with  cotton,  sawdust, 
sugar,  starch,  gum,  sugar  of  milk,  and  tartaric,  citric,  and 
mucic  adds.  The  other  products  ot  course  vary  with  tbe 
nature  of  the  substance ;  but  water  and  acetic  add  are  gene- 
rally formed.     (Quarterly  Journal  of  Sdence,  N.  S.  vi.  413.) 

Organic  substances,  owing  to  the  energetic  affinities  with 
which  their  elements  are  endowed,  are  very  prone  to  sponta- 
neous decomposition.  The  prevuUng  tendency  of  carbon  and 
hydrogen  is  to  appropriate  to  themselves  so  much  oxygen  ai 
sball  convert  them  into  carbcmic  add  and  water ;  and  henc^ 
in  whatever  manner  these  three  elements  may  be  mutually 
combined  in  a  vegetable  substance,  they  are  always  disposed 
to  resolve  themselves  into  tbe  compounds  just  mentioned.  If, 
at  the  time  this  change  occurs,  there  is  an  insuffident  supjdy 
of  oxygen  to  oxidize  the  hydrogen  and  carbon  completely, 
then,  in  addition  to  carbonic  add  and  water,  carbonic  oxide 
and  carburetted  hydrogen  gases  will  probably  be  generated. 
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ad,  and  6  of  water,  is  generated  by  adding  to  a  strong 
boiling  solution'  of  neutral  acetate  of  copper  a  small  quantity 
of  ammonia  insufficient  to  produce  a  permanent  predpitale  of 
the  tri-acetate.  The  sub-salt  in  queskiooy  wUeh  is  vpaam^j 
soluble  in  cold  water,  separates  on  cooling,  and  should  be 
washed  with  alcohol.  It  is  considered  by  Berzelius  as  the 
principal  ingredient  of  the  green  varieties  of  verdigris. 

The  pigment,  verdigris,  which  is  a  variable  mixture  of  the 
sub-acetates  of  copper,  is  prepared  in  large  quantity  in  the 
south  of  France  by  covering  copper  with  the  refuse  of  the 
grape  after  the  juice  has  been  extracted  for  making  wine : 
the  saccharine  matter  contained  in  the  husks  furnishes  acetic 
acid  by  evaporation,  and  in  four  or  six  weeks  the  plates 
acquire  a  coating  of  the  acetate.  A  purer  and  better  article 
is  prepared  in  this  country  by  covering  copper  plates  with 
cloth  soaked  in  pyroligneous  acid. 

Acetate  of'  Zinc. — This  salt  may  be  prepared  by  way  of 
double  decomposition  by  mixing  sulphate  of  zinc  with  acetate 
of  lead  in  equivalent  proportions.  When  made  in  this  way  it 
is  very  apt  to  retain  some  sulphate  of  lead  in  solution.  The 
best  mode  of  obtaining  it  quite  pure,  is  by  suspending  me- 
tallic zinc  in  a  dilute  solution  of  acetate  of  lead,  until  all  the 
lead  is  removed.  (Page  690.)  This  is  known  to  be  accom- 
plished by  the  addition  of  sulphuretted  hydrogen,  which 
then  occasions  a  pure  white  precipitate.  This  salt  is  fre- 
quently employed  as  an  astringent  coUyrium. 

Acetate  of  Mercury. --^The  only  interesting  compound  of 
mercury  and  acetic  acid  is  the  acetate  of  the  protoxide,  which 
is  sometimes  employed  in  the  practice  of  medicine.  It  is 
prepared  by  mixing  crystallized  protonitrate  of  mercury  with 
neutral  acetate  of  potash  in  the  ratio  of  one  equivalent  of 
each*  If  both  salts  are  dissolved  in  a  considerable  quantity 
of  hot  water,  the  solutions  retain  their  transparency  after 
being  mixed ;  but  on  cooling,  the  proto-acetate  of  mercury 
is  deposited  in  white  scales  of  a  silky  lustre.  It  is  easily 
decomposed ;  and  it  should  be  dried  by  a  very  gentle  heat, 
and  washed  with  cold  water  slightly  acidulated  with  acetic 
acid. 

OXALIC   ACID. 

Oxalic  acid  exists  ready  formed  in  several  plants,  especially 
in  the  rumex  acetosa  or  common  sorrel,  and  in  the  oxalis 
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and  the  sacchjirine  juice  of  the  inajde-tree  is  obtained  by  in- 
cisions nuide  in  the  bark.  In  some  cases  a  particular  princi- 
ple is  mixed  with  such  a  variety  of  others,  that  a  disHnct  pro- 
cess is  required  for  its  separation.  Of  such  processes  ctmsists 
the  proximate  analyrii  of  vegetables.  SotnetiDies  a  substance 
is  separated  by  mechanical  means,  as  in  the  preparation  of 
starch.  On  other  <x:casions,  advantage  is  taken  of  the  vola- 
tility of  a  compound,  or  of  its  solubility  in  some  particular 
menstruum.  Whatever  method  is  employed,  it  should  be  of 
such  a  nature  as  to  occasion  no  change  in  the  composition  of 
the  body  to  be  prepared. 

The  reduction  of  the  proximate  principles  into  their  sim- 
plest parts,  constitutes  th^  ultimatt  analt/iit.  By  this  meant 
chemists  ascertain  the  quantity  of  oxygen,  carbon,  and  hydro- 
gen  |H«8ent  in  any  compound.  The  fcH-mer  method  aS  per- 
forming this  (^ration  was  by  what  is  termed  dettructioe 
diitUlation ;  that  is,  by  expodng  the  compounds  to  a  red  beat 
in  close  vessris,  and  collecting  all  the  products.  So  many 
didtrent  substances,  however,  are  procured  in  this  way,  sudi 
as  water,  carbonic  add,  carbonic  oxide,  carburetted  hydrogen, 
and  the  like,  that  it  is  almost  impossible  to  arrive  at  a  satis- 
fiulory  conclusion.  A  more  simple  and  effectual  method  was 
proposed  by  Gay-Lussac  and  Thenard  in  the  second  volume 
of  their  celebrated  Recherchtt  Phifsico-Chimiquet.  The  ob- 
ject of  their  process,  which  is  applicable  to  the  ultimate  ana- 
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recover.  Heated  in  a  tube  to  209°  they  fuse  in  their  water  of 
crystallization,  and  are  hence  soluble  in  boiling  water  with* 
out  limit :  at  50°  they  dissolve  in  15*5  times  their  weight  of 
water,  and  in  9'5  times  at  57° ;  but  the  solubility  is  increased 
by  the  presence  of  nitric  acid.  They  are  dissolved  also  by 
alcohol,  though  less  freely  than  in  water. 

Oxalic  acid  possesses  considerable  volatility.  Mr.  Faraday 
has  shown  that  a  very  slow  sublimation  of  oxalic  add  takes 
place  at  common  temperatures:  at  212° its  vaporization  goes  on 
in  appreciable  quantities ;  and  at  330°  the  add,  when  deprived 
of  2  equivalents  of  its  water  of  crystallization,  sublimes  ra« 
pidly,  and  without  any  decomposition.  The  sublimed  add 
crystallizes  in  transparent  adcular  crystals,  which  contain  1 
equivalent  of  water ;  but  by  exposure  to  the  air  they  rapidly 
absorb  moisture,  and  become  opaque.  (An.  of  Phil.  N.  S.  x. 
848.)  When  fully  hydrated  oxalic  add  is  suddenly  heated 
to  about  300°,  it  undergoes  decomposition,  and  yields  water, 
carbonic  acid  gas  mixed  with  carbonic  oxide,  in  the  ratio  of  6 
to  5,  and  formic  acid.  To  this  change,  which  has  lately  been 
studied  by  Gay-Lussac,  the  water  of  crystallization  essentially 
contributes,  the  elements  of  formic  add  being  such,  that  it 
may  be  considered  a  compound  of  2  equivalents  of  carbonic 
oxide  with  1  equivalent  of  water :  the  crystals,  when  deprived 
of  2-3rds  of  their  water  are  much  more  stable,  not  suffering 
the  same  decomposition  until  the  heat  exceeds  330°,  and  even 
then  a  considerable  portion  is  sublimed. 

The  equivalent  of  oxalic  acid,  as  estimated  by  Dr.  Thorn* 
son,  is  36.  It  differs  in  composition  from  nearly  all  other 
vegetable  acids  in  containing  no  hydrogen,  the  absence  of 
which  seems  fully  established  by  the  analyses  of  Berzdius, 
Thomson,  and  Ure.  From  the  researches  of  these  chemists, 
oxalic  acid  is  composed  of  one  part  of  carbon  and  two  parts 
of  oxygen  ;  and  since  its  equivalent  is  36,  it  must  be  r^arded 
as  a  compound  of 

Carbon,  12  •  2  equiv.  )  r  Carbonic  oxide,  14  •  1  equiv. 
Oxygen,  24   .   3  equiv.  j  ^^  t  Carbonic  add,    22  .  1  equiv. 

36  36 

It  is  therefore  intermediate  between  carbonic  oxide  and 
carbonic  acid ;  and,  as  is  obvious  from  the  numbers  above 
stated,  it  may  be  regarded  as  a  compound  of  these  gases. 
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from  oxygen.  But  if,  od  the  other  hand,  more  oxygen  exiate 
in  the  products  than  was  lost  by  the  copper,  it  is  obvious  that 
the  difierence  indicates  the  amount  of  oxygen  ctHitained  in  the 
subject  of  analysis. 

If  nitrc^n  enter  into  the  constitution  of  the  organic  sub- 
stance, it  will  pass  over  in  the  gaseous  state,  mixed  with  car- 
bcxiic  acid ;  and  its  quantity  may  be  ascertained  by  removing 
the  carbonic  acid  by  means  of  a  solution  of  pure  potash.  In 
order  to  prevent  the  production  of  binoxide  of  nitrogen^ 
which  is  otherwise  apt  to  be  generated,  the  oxide  should-  be 
mixed  with  some  metallic  copper;  or  the  latter  may  be 
placed  on  the  surface  of  the  oxide,  and  be  kept  at  a  red  heat, 
in  order  that  any  oxide  of  nitrogen,  in  passing  through  the 
metallic  mass,  ^ould  be  decomposed.  The  copper  for  the 
purpose  should  be  in  a  state  of  fine  division,  and  is  best  pre- 
pared from  the  oxide  by  means  of  hydn^n  gas. 

It  need  scarcely  be  observed,  that  if  the  analysiB  has  been 
successfully  performed,  the  weight  of  the  different  products, 
added  together,  should  make  up  the  exact  weight  of  the 
organic  substance  employed. 

In  analysing  an  animal  or  vegetable  fluid,  the  for^tung 
process  will  require  slight  modification.  If  the  fluid  is  of  a 
fixed  nature,  it  may  be  mode  into  a  paste  with  oxide  of  cop- 
per, and  heated  in  the  usual  manner.  But  if  it  is  vdatile,  a 
given  weight  of  its  vapour  is  conducted  over  oxide  of  copper 
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A  soluble  oxalate  is  easily  detected  by  adding  to  its  solu- 
tion a  neutral  salt  of  lime  or  lead,  when  a  white  oxalate  of  those 
bases  will  be  thrown  down.  On  digesting  the  precipitate  in 
a  little  sulphuric  acid,  an  insoluble  sulphate  is  formed,  and 
the  solution  yields  crystals  of  oxalic  acid  on  cooling.  All  in- 
soluble oxalates,  the  bases  of  which  form  insoluble  compounds 
with  sulphuric  acid,  may  be  decomposed  in  a  similar  manner. 
All  other  insoluble  oxalates  may  be  decomposed  by  potash, 
by  which  means  a  soluble  oxalate  is  procured. 

The  oxalates,  like  all  salts  which  contain  a  vegetable  acid, 
are  decomposed  by  a  red  heat,  a  carbonate  being  left,  provided 
the  oxide  can  retain  carbonic  acid  at  the  temperature  which  is 
employed.  As  oxalic  acid  is  so  highly  oxidised,  its  salts 
leave  no  charcoal  when  heated  in  close  vessels. 

Several  oxalates  are  reduced  to  the  metallic  state,  with  evo- 
lution of  pure  carbonic  acid,  when  heated  to  redness  in  dose 
vessels.  (Pages  523  and  527.)  The  peculiar  constitution  of 
oxalic  acid  accounts  for  this  change ;  for  one  equivalent  of  the 
acid,  to  be  converted  into  carbonic  acid,  requires  precisely  one 
equivalent  of  oxygen,  which  is  the  exact  quantity  contained 
in  the  oxide  of  a  neutral  proto-oxalate. 

Oxalates  of  Po^asA.— Oxalic  acid  forms  with  potash  three 
compounds,  of  which  the  description  was  given,  and  the  com- 
position determined,  in  the  year  1808  by  Dr.  WoUaston. 
(Philos.  Trans,  for  1808.)  The  first  is  the  neutral  oxalate 
which  is  formed  by  neutralizing  carbonate  of  potash  with 
oxalic  acid.  It  crystallizes  in  oblique  quadrangular  prisms, 
which  have  a  cooling  bitter  taste,  require  about  twice  their 
weight  of  water  at  60^  F.  for  solution,  and  contain  36  parts  or 
one  equivalent  of  oxalic  add,  47*15  parts  or  one  equivalent  of 
potash,  and  one  equivalent  of  water.  This  salt  is  much  em- 
ployed as  a  reagent  for  detecting  lime.  Binoxalate  of  potash 
is  contained  in  sorrel,  and  may  be  procured  from  that  plant  by 
solution  and  crystallization.  It  crystallizes  readily  in  small 
rhomboids,  which  are  less  soluble  in  water  than  the  neutral 
oxalate.  It  is  often  sold  under  the  name  of  essential  salt  of 
lemons  for  removing  iron  moulds  from  linen ; — an  e£Pect  which 
it  produces  by  one  equivalent  of  its  acid  uniting  with  the  oxide 
of  iron  and  forming  a  soluble  oxalate.  The  third  salt  contains 
twice  as  much  add  as  the  preceding  compound,  and  has  hence 
recdv^  the  name  of  quadroxalate  of  potash.    It  is  the  least 
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OD  tlie  fluppodtion  of  its  diflvring  chetnically  from  strong 
acetic  add ;  but  it  is  now  admitted  that  distilled  viiMgar  is 
real  acetic  acid  merely  diluted  with  water,  and  commonly 
containing  a  small  portion  of  empyreumatic  oil,  formed  during 
the  distillation,  and  from  which  it  receives  a  peculiar  flavour. 
It  may  be  rendered  stronger  by  exposure  to  cold,  when  a 
considerable  part  of  the  water  is  frozen,  while  the  add  remains 
liquid. 

The  distilled  vin^ar,  which  is  now  generally  em^^yed  for 
chemical  purposes,  is  prepared  by  the  distillation  of  wood, 
and  is  sold  under  the  name  of  pyroligtuouM  acid.  When  first 
made  it  is  very  impure,  and  of  a  dark  colour,  holding  in  so- 
lution tar  and  volatile  oil.  In  this  state  it  is  mixed  with 
chalk,  and  obtained  in  the  state  of  acetate  of  lime,  which  is 
decomposed  by  digestion  with  sulphate  of  soda :  the  resulting 
acetate  of  soda  is  then  fused  at  a  high  temperature,  insuffi- 
dent  to  decompose  the  soil,  but  suffident  (o  expel  or  char  the 
impurities.  The  acetate  of  soda  is  thus  obtained  pure  and  in 
crystals,  and  is  decomposed  by  sulphuric  add. 

Concentrated  acetic  add  is  best  obtained  by  decompodng 
the  acetates  diher  by  sulphuric  add,  or  in  some  instances  by 
heaL  A  convenient  process  is  to  distil  acetate  of  potash  with 
half  its  weight  of  concentrated  sulphuric  add,  the  redpient 
bdng  kept  cool  by  the  application  of  ice.  The  add  is  at  first 
contaminated  with  sulphurous  add  ;  but  by  mixing  it  with  a 
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while  part  sublimes,  another  portion  yields  cyanogen  gas,  and 
leaves  a  very  bulky  carbonaceous  residue. 

Oxamide,  according  to  the  analysis  of  Dumas,  is  composed 
of  2  equivalents  of  carbon,  1  equivalent  of  nitrogen,  2  equiva- 
lents of  hydrogen,  and  2  equivalents  of  oxygen.  It  is  obvi- 
ous that  these  ultimate  elements  may  be  supposed  to  unite 
indiscriminately  with  each  other,  as  indicated  by  the  formula 
2C  +  N+2H+20;  but  their  ratio  will  naturally  suggest 
other  modes  of  combination.  For  example,  they  may  be  dis- 
posed so  as  to  constitute  water  and  cyanogen,  (2C+N)+ 
2(H  +  0) ;  or  oxamide  may  be  a  compound  of  binoxide  of 
nitrogen  with  olefiant  gas,  (2H4-2C)  +  (N-h20) ;  or,  as  Du- 
mas  himself  believes,  it  may  be  regarded  as  a  compound  of  a 
nituret  of  hydrogen,  different  from  ammonia,  and  carbonic 
oxide,  indicated  by  the  formula  2(C+0)+(2H^-N.) 

From  this  statement  of  the  composition  of  oxamide  it  is 
apparent  that  it  does  not  contain  either  oxalic  acid  or  ammo- 
nia. But  when  boiled  with  a  solution  of  pure  potash,  ammo- 
nia after  a  short  time  is  evolved,  and  oxalate  o{  potash  is 
formed ;  and  when  heated  with  a  large  excess  of  strong  sul- 
phuric acid,  a  gaseous  mixture  of  carbonic  acid  and  carbonic 
oxide,  in  the  ratio  for  forming  oxalic  acid,  escapes,  and  sul- 
phate of  ammonia  is  generated.  Dumas  has  proved  that  in 
both  these  cases  oxamide  reacts  on  the  water  of  the  potash  and 
sulphuric  acid,  by  which  means  oxalic  add  and  ammonia  are 
produced.  This  will  be  manifest  by  comparing  the  elements 
in  oxamide  and  water,  with  those  of  oxalic  add  and  ammonia. 

1  eq.  Oxamide  ;  1  eq.  Water ;      I  I  eq.  Oxalic  add ;        1  eq.  Ammoma ; 

2C+20-f  2H-I-N ;  H+0.         |         20+30;  3H+N. 

An  analogous  change,  determined  by  similar  afiSnities,  was 
explained  in  the  history  of  prussic  acid.     (Page  399-) 

Oxalate  of  Lime. — This  salt,  like  all  the  insoluble  oxalates, 
is  easily  prepared  by  way  of  double  decomposition.  It  is  a 
white  finely  divided  powder,  which  is  remarkable  for  its  ex- 
treme insolubility  in  pure  water.  On  this  account  a  soluble 
oxalate  is  an  exceedingly  delicate  test  for  lime.  It  is  soluble, 
however,  in  muriatic  and  nitric  acids.  It  is  composed  of  36 
parts  or  one  equivalent  of  the  acid,  and  28*5  parts  or  one 
equivalent  of  lime.  It  may  be  exposed  to  a  temperature  of 
660^  F.  without  decomposition,  and  is  then  quite  anhydrous. 
No  binoxolate  of  lime  is  known. 


PART  III. 

ON    OEQANIC    CHEMISTRY. 


The  department  of  organic  cbemiBtry  comprdieiulB  the 
history  of  those  compounds  which  ore  soldy  of  animal  or 
Triable  origin,  and  which  are  hence  called  organic  sub- 
stances. These  bodies,  viewed  collectively,  form  a  remark. 
able  contrast  with  those  of  the  mineral  kingdom.  Such  sub- 
stances in  general  are  characterized  by  containing  some  prin- 
ciple peculiar  to  each.  Thus  the  presence  of  nitrogen  {o 
nitric,  and  of  sulphur  in  sulphuric  add,  establishes  a  vide 
distinction  between  these  substances ;  and  although  in  many 
instances  two  or  more  organic  bodies  consist  of  the  same 
dements,  as  is  exemplified  by  the  compounds  of  sulphur  and 
oxygen,  or  of  nitrogen  and  oxygen,  they  are  always  few  in 
number,  and  distinguished  by  a  well-marked  difference  in  the 
proportion  in  which  they  are  united.  The  products  of  animal 
and  vegetable  life,  on  the  contrary,  consist  essentiaUy  of  the 
aame  elementary  principles,   the  number  of  which  is  very 
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sulphate  of  lime  by  a  filter,  may  be  procured  by  eyaporation 
in  prismatic  crystals,  the  primary  form  of  which  is  a  right 
rhombic  prism. 

Tartaric  acid  has  a  sour  taste,  which  is  very  agreeaUe  when 
diluted  with  water.  It  reddens  litmus  paper  strongly,  and 
forms  with  alkalies  neutral  salts,  to  which  the  name  of  tar- 
trates is  applied.  It  requires  five  or  six  times  its  weight  of 
water  at  60^  for  solution,  and  is  much  more  soluble  in  boiling 
water.  It  is  dissolved  likewise,  though  less  freely,  in  alcohol. 
The  aqueous  solution  is  gradually  decomposed  by  keeping, 
and  a  similar  change  is  experienced  under  the  same  circum- 
stances by  most  of  the  tartrates.  The  crystals  may  be  ex- 
posed to  the  air  without  change.  They  are  converted  into 
the  oxalic  by  digestion  in  nitric  acid.  When  heated  in  close 
vessels,  it  fuses,  froths  up,  and  is  decomposed,  yielding,  in 
addition  to  the  usual  products  of  destructive  distillation,  a 
distinct  acid  to  which  the  name  oi  pyro-tartaric  acid  is  ap- 
plied.    A  considerable  quantity  of  charcoal  remains. 

The  atomic  weight  of  tartaric  acid,  inferred  by  Jir,  Thom- 
son from  the  tartrates  of  potash  and  lead,  is  66 ;  and  the 
crystals,  which  cannot  be  deprived  of  their  water  by  heat 
without  decomposition,  consist  of  66  parts  or  one  equivalent 
of  acid,  and  one  equivalent  of  water.  According  to  the  ana- 
lysis of  Dr.  Prout  and  Dr.  Thomson,  which  agrees  pretty 
closely  with  that  of  Berzelius,  the  acid  itself  is  composed  of 

Carbon  24  or  4  equivalents. 

Oxygen  40  or  5  equivalents. 

Hydrogen  2         .         or  2  equivalents. 

Tartaric  acid  is  distinguished  from  other  acids  by  formioga 
white  precipitate,  bitartrate  of  potash,  when  mixed  with  any 
of  the  salts  of  that  alkali.  This  acid,  therefore,  separates 
potash  from  every  other  acid.  It  occasions  with  lime  water  t 
white  precipitate,  which  is  very  soluble  in  an  excess  of  the 
add. 

Tartaric  acid  is  remarkable  for  its  tendency  to  form  dou- 
ble salts,  the  properties  of  which  are  often  more  interesting 
than  the  simple  salts.  The  most  important  of  these  double 
salts,  and  the  only  ones  which  have  been  much  studied,  are 
tartrate  of  potash  and  soda,  and  tartrate  of  antimony  and 
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oorery  of  iBomerio  bodies  aecounta  tat  the  diflbmice  at  pn^ 
perty  obserTed  in  looie  orpinic  subttanoet,  whicb  in  oampo> 
MtioD  iTB  apparently  identical. 

When  organic  sabataBoea  are  heated  to  rednew  with  pur* 
potaili  or  nda,  they  invariably  yield  alkaline  carbonates;  bat 
at  a  temperature  of  about  400°  or  450°  F.,  many  t^  tbem  are 
deoompceed  with  formation  of  oxalic  acid.  This  fact  has  been 
noticed  by  Gay-Lussac,  whoobaenredit  with  cotton,  sawdurt, 
sugar,  starch,  gum,  sugar  of  milk,  and  tartaric,  citric,  and 
mudc  acids.  The  other  products  of  course  vary  with  tbe 
nature  of  the  substance ;  but  water  and  acetic  add  are  gene- 
rally formed.     (Quarterly  Journal  of  Science,  N.  8.  tL  413.) 

Organic  substances,  owing  to  the  energetic  afSnitiea  with 
which  their  elements  are  endowed,  are  very  prone  to  spont»- 
neous  decomposition.  The  prevuting  tendency  of  carbon  and 
hydrogen  is  to  appropriate  to  themselves  so  much  oxygen  «• 
shall  convert  them  into  carbonic  acid  and  water ;  and  hence, 
in  whatever  manner  these  three  elements  may  be  mutually 
combiaed  in  a  vegetable  substance,  they  are  idways  diqwted 
to  resolve  themselves  into  the  compounds  just  mentioned.  11* 
at  the  time  this  change  occurs,  there  is  an  insufficient  supj^y 
of  oxygen  to  oxidize  the  hydrogen  and  carbon  completely, 
then,  in  addition  to  carbonic  acid  and  water,  carbonic  oxide 
and  carburetted  hydrogen  gases  will  probably  be  generated. 
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Bitartrate  of  potash  is  employed  in  the  formadon  of  tartaric 
acid  and  all  the  tartrates.  It  is  likewise  used  in  preparing 
pure  carbonate  of  potash.  M^en  exposed  to  a  strong  heat, 
it  yields  an  acrid  empyreumatic  oil,  some  pyro-tartaric  acid, 
together  with  water,  carburetted  hydrogen,  carbonic  oxide, 
and  carbonic  acid  gases,  the  last  of  which  combines  with  the 
potash.  The  fixed  products  are  carbonate  of  potash  and 
charcoal,  which  may  be  separated  from  each  other  by  solution 
and  filtration.  When  deflagrated  with  half  its  weight  of 
nitre,  by  which  part  of  the  charcoal  is  consumed,  it  forms 
blachflux  :  and  when  an  equal  weight  of  nitre  is  used,  so  as 
to  oxidize  all  the  carbon  of  the  tartaric  add,  a  pure  carbonate 
of  potash,  called  whiie-fluXy  is  procured. 

Tartrate  of  Potash  and  Soda. — This  double  salt,  which 
has  been  long  employed  in  medicine  under  the  name  odeig- 
nette  or  rochelle  salt,  is  prepared  by  neutralizing  bitartrate  of 
potash  with  carbonate  of  soda.  By  evaporation  it  yields 
prismatic  crystals,  the  sides  of  which  often  amount  to  ten  or 
twelve  in  number;  but  the  primary  form,  as  obtained  by 
cleavage,  is  a  right  rhombic  prism.  (Mr.  Brooke.)  The 
crystals  are  soluble  in  five  parts  of  cold  and  in  a  smaller 
quantity  of  boiling  water,  and  are  composed  of  113'15  parts 
or  one  equivalent  of  tartrate  of  potash,  97'3  parts  or  one 
equivalent  of  tartrate  of  soda,  and  eight  equivalents  of  water. 

Tartrate  of  Soda  is  of  little  importance.  It  is  frequently 
made  extemporaneously  by  dissolving  equal  weights  of  tar- 
taric add  and  bicarbonate  of  soda  in  separate  portions  of 
water,  and  then  mixing  the  solutions.  A  very  agreeable 
efiervescing  draught  is  procured  in  this  way.  Soda  is  better 
adapted  for  this  purpose  than  potash,  because  the  former  has 
little  or  no  tendency  to  form  an  insoluble  bitartrate. 

Tartrate  of  Antimony  and  Po/a<A.— This  compound,  long 
celebrated  as  a  medicinal  preparation  under  the  name  of 
tartar  emetic,  is  made  by  boiling  protoxide  of  antimony  with 
a  solution  of  bitartrate  of  potash.  The  oxide  of  antimony 
is  furnished  for  this  purpose  in  various  ways.  Sometimes  the 
glass  or  crocus  of  that  metal  is  employed.  The  Edinbuigh 
college  prepare  an  oxide  by  deflagrating  sulphuret  of  anti- 
mony with  an  equal  wdght  of  nitre;  and  the  college  of 
Dublin  employ  the  submuriate.  Mr.  Phillips  recommends 
that  100  parts  of  metallic  antimony  in  fine  powder  should  be 
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and  the  saccharine  juice  of  the  mafde-tree  is  obtained  by  in- 
cisions made  in  the  bark.  In  some  cases  a  particular  princi- 
ple is  mixed  with  sudi  a  variety  of  others,  that  a  distinct  pro- 
cess is  required  for  its  separation.  Of  such  processes  condsts 
the  proximate  analyiu  of  vegetables.  SometinieB  a  substance 
is  separated  by  mechanical  means,  as  in  the  preparati<Hi  of 
starch.  On  other  occasions,  advantage  is  taken  of  the  vola- 
tility of  a  compound,  or  of  its  solubility  in  srane  particular 
menstruum.  Whatever  method  is  employed,  it  should  be  of 
such  a  nature  as  to  occasion  no  change  in  the  composition  i^ 
the  body  to  be  {wepared. 

The  reduction  of  the  proximate  principles  into  their  dm- 
plest  parts,  constitutes  their  ultimate  analytii.  By  this  means 
chemists  ascertain  the  quantity  of  oxygen,  carbon,  and  hydfo> 
gen  present  in  any  compound.  The  former  method  of  per- 
forming this  operation  was  by  what  is  termed  dettruetiwe 
distUlatitm ;  that  is,  by  expoang  the  compounds  to  a  red  heat 
in  close  vessels,  and  collecting  all  the  products.  So  many 
different  suhstsnces,  however,  are  procured  in  this  way,  sudi 
as  water,  carbonic  add,  carbonic  oxide,  carburetted  hydrogen, 
and  the  like,  that  it  is  almost  impossible  to  arrive  at  a  satii^ 
fiutory  conclusion.  A  more  simple  and  effectual  method  was 
proposed  by  Oay-Lussac  and  Thenard  in  the  second  volume 
of  their  celebrated  Rechercfiet  Pki/sico-Chtmiquei.  The  olv 
ject  of  their  process,  which  is  applicable  to  the  ultimate  ana- 
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muriatic,  cause  a  white  precipitate,  consisting  of  bitartrate  of 
potash  and  a  subsalt  of  antimony.  Decomposition  is  like- 
wise effected  by  several  metallic  salts,  the  bases  of  which  yield 
insoluble  compounds  with  tartaric  acid.  Sulphuretted  hy- 
drogen throws  down  the  orange  sulphuret  of  antimony.  It 
is  precipitated  by  many  vegetable  substances,  especially  by 
an  infusion  of  gall-nuts,  and  other  similar  astringent  solutions, 
with  which  it  forms  a  dirty  white  precipitate,  which  is  re- 
garded as  a  compound  of  tannin  and  oxide  of  antimony. 
This  combination  is  inert,  and  therefore  a  decoction  of  cin- 
chona bark  is  recommended  as  an  antidote  to  tartar  emetic. 
Heated  before  the  blow-pipe  metallic  antimony  is  readily 
brought  into  view  ;  and  if  decomposed  by  heat  in  dose  ves- 
sels a  very  inflammable  pyrophorus  is  formed. 

RACEMIC  ACID. 
(tRAUBENSAURE,  or  acid  of  grapes  of  the  GERMANS.) 

This  acid  was  first  noticed  by  Mr.  Kestner,  Chemical  Ma- 
nufacturer at  Thann  in  the  Upper  Rhine,  who  met  with  it  in 
the  preparation  of  tartaric  acid,  with  which  it  is  associated  in 
the  juice  of  the  grape.  Kestner,  perceiving  it  to  be  different 
from  tartaric  acid,  considered  it  to  be  the  oxalic :  John  in 
1819  declared  it  to  be  distinct  from  both  of  those  acids,  and 
termed  it  acid  of  the  Vosges ;  and  in  1826  6ay-Lussac  and 
Walchner,  receiving  a  supply  from  Kestner,  made  a  careful 
examination  of  its  principal  characters.  (Jour,  de  Ch.  Med. 
ii.  335,  and  Omelins  Handbuch,  ii.  53.)  An  account  of  its 
properties  has  since  been  given  by  Berzelius,  who  has  sug- 
gested for  it  the  name  of  para-tart aric  acid.  (An.  de  Ch. 
et  Ph.  xlvi.  128.) 

Racemic  acid  is  associated  with  tartaric  add,  apparently 
as  a  biracemate  of  potash,  in  the  grape  of  the  Upper  Rhine, 
and  subsides  during  the  fermentation  of  the  juice  along  with 
cream  of  tartar :  it  is  probably  contained  in  the  juice  of  all 
grapes.  It  is  readily  obtained  by  neutralizing  the  cream  of 
tartar  of  that  district  with  carbonate  of  soda,  separating  the 
double  tartrate  of  potash  and  soda  by  crystallization,  throw- 
ing down  the  racemic  acid  by  a  salt  of  lime  or  lead,  and  de- 
composing the  precipitate  by  dilute  sulphuric  add.  On 
concentrating  the  solution  the  racemic  add  crystallizes,  and 
is  thus  completely   separable  from  any  remaining  tartaric 
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from  oxygen.  But  if,  on  the  other  hand,  more  oxygen  exitt* 
in  the  productB  than  was  lost  by  the  copper,  it  it  obviouB  that 
the  difference  indicates  the  amount  of  oxygen  ctmtained  in  the 
subject  of  analyuB. 

If  nitrogen  enter  into  the  coDstitution  of  the  oi^anic  sub- 
■tance,  it  will  pass  over  in  the  gaseous  state,  mixed  with  car- 
bonic add ;  and  its  quantity  may  be  ascertained  by  removing 
the  carbonic  add  by  means  of  a  solution  of  pure  potash.  In 
order  to  prevent  the  production  of  binoxide  of  nitrogen, 
which  is  otherwise  apt  to  be  generated,  the  oxide  ahould-  be 
mixed  with  some  metallic  copper;  or  the  latter  may  be 
placed  on  the  surface  of  the  oxide,  and  be  kept  at  a  red  heat, 
in  order  that  any  oxide  of  nitrogen,  in  passing  through  the 
metallic  mass,  should  be  decomposed.  The  copper  for  the 
purpose  should  be  iu  a  state  of  fine  division,  and  is  hat  pre- 
pared from  the  oxide  by  means  of  hydn^en  gas. 

It  need  scarcely  be  observed,  that  if  the  analyaa  has  been 
successfully  performed,  the  weight  of  the  different  products, 
added  together,  should  make  up  the  exact  wei^t  of  the 
organic  substance  employed. 

In  analysing  an  animal  or  v^etable  fluid,  the  foregoing 
process  will  require  slight  modification.  If  the  fluid  is  of  a 
fixed  nature,  it  may  be  made  into  a  paste  with  oxide  of  cop- 
per, and  heated  in  the  usual  manner.  But  if  it  is  volatile,  a 
given  weight  of  its  vapour  ia  conducted  over  oxide  of  copper 
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described  for  preparing  tartaric  acid.  To  any  quantity  of 
lime  or  lemon  juice,  finely  powdered  chalk  is  added  as  long  as 
effervescence  ensues ;  and  the  insoluble  citrate  of  lime,  after 
being  well  washed  with  water,  is  decomposed  by  digestion  in 
dilute  sulphuric  add.  The  insoluble  sulphate  of  lime  is  sepa- 
rated by  a  filter^  and  the  citric  acid  obtained  in  crystals  by 
evaporation.  They  are  rendered  quite  pure  by  being  dis- 
solved in  water  and  recrystallized.  The  proportions  required 
in  this  process  are  86*5  parts  or  one  equivalent  of  dry  citrate 
of  lime,  and  49  parts  or  one  equivalent  of  strong  sulphuric 
acid,  which  should  be  diluted  with  about  ten  parts  of  water. 

Citric  acid  crystallizes  in  rhomboidal  prisms  terminated  by 
four  plain  surfaces.  The  crystals  are  large  and  transparent, 
undergo  no  change  in  the  air,  and  if  kept  dry  may  be  pre- 
served for  any  length  of  time  without  decomposition.  They 
have  an  intensely  sour  taste,  redden  litmus  paper,  and  neu- 
tralize alkalies.  Their  flavour  when  diluted  is  very  agree* 
able.  They  are  soluble  in  an  equal  weight  of  cold  and  in 
half  their  weight  of  boiling  water,  and  are  also  dissolved  by 
alcohol.  The  aqueous  solution  is  gradually  decomposed  by 
keeping.  It  is  converted  into  oxalic  by  the  action  of  nitric 
acid.  Exposed  to  heat,  the  crystals  undergo  the  watery 
fusion,  and  the  acid  itself  is  decomposed  before  all  its  water 
of  crystallization  is  expelled.  Besides  the  usual  products  of 
the  decomposition  of  vegetable  matter,  a  peculiar  add  sub- 
limes, to  which  the  name  of />yro-ctVnc  acid  is  applied. 

The  atomic  weight  of  citric  acid,  as  deduced  from  the  com- 
position of  citrate  of  lead  by  Thomson  and  Berzelius,  is  68; 
and  the  crystals  consist  of  58  parts  or  one  equivalent  of  the 
acid,  and  18  parts  or  two  equivalents  of  water.  According 
to  the  analyses  of  the  same  chemists,  this  add  is  inferred  to 
consist  of 

Carbon  24  or  4  equivalents. 

Oxygen  32  or  4  equivalents. 

Hydrogen    .  2  or  2  equivalents. 

68 

The  analysis  of  Oay-Lussac  and  Thenard,  of  Dr.  Prout, 
and  Dr.  Ure,  (Phil.  Trans.  1812,)  would  lead  to  a  different 
statement ;  but  the  foregoing  agrees  better  with  the  atomic 
weight  of  the  acid. 
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on  the  BupTXtdtioo  i^  iti  differing  chemically  from  stroi^ 
acetic  acid ;  but  it  is  now  admitted  that  distilled  vinegar  U 
real  acetic  acid  merely  diluted  with  water,  and  commonly 
containing  a  btobII  portion  of  empyreumatic  oil,  formed  during 
the  distillation,  and  from  which  it  receives  a  peculiar  flavour. 
It  may  be  rendered  stronger  by  exposure  to  cold,  when  a 
ctmriderable  part  of  the  water  is  frozen,  while  the  add  remains 
liquid. 

The  distilled  v)a^;ar,  which  is  now  generally  employed  for 
chemical  purposes,  is  prepared  by  the  distillation  of  wood, 
and  is  sold  under  the  name  of  pyroligtuout  acid.  When  first 
made  it  is  very  impure,  and  of  a  dark  colour,  holding  in  so- 
lution lar  and  volatile  oil.  In  this  state  it  is  mixed  with 
chalk,  and  obtained  in  the  state  of  acetate  of  lime,  whidi  is 
decomposed  by  digestion  with  sulphate  of  soda :  the  resulting 
acetate  of  soda  is  then  fused  at  a  high  temperature,  insuffi* 
dent  to  decompose  the  salt,  but  suffident  to  expel  or  char  the 
impurities.  The  acetate  of  soda  is  thus  obtained  pure  and  in 
crystals,  and  is  decomposed  by  sulphuric  add. 

Concentrated  acetic  add  is  best  obtained  by  decompoang 
the  acetates  dther  by  sulphuric  acid,  or  in  some  instances  by 
beat.  A  convenient  process  is  to  distil  acetate  of  potash  with 
half  its  weight  of  concentrated  sulphuric  acid,  the  redpieot 
being  kept  cool  by  the  application  of  ice.  The  add  is  at  first 
contaminated  with  sulphurous  acid  ;  but  by  mixing  it  with  a 
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another  vessel,  the  malate  of  lead  is  gradually  deposited,  in 
cooling,  in  groups  of  brilliant  white  crystals.  This  process— a 
modification  of  the  common  one— has  lately  been  recommended 
by  Wbhler.  The  malate  is  then  decomposed  by  a  quantity 
of  dilute  sulphuric  acid,  insufficient  for  combining  widi  all  the 
oxide  of  lead ;  by  which  means  a  solution  is  procured  con- 
taining malic  acid  together  with  a  little  lead.  The  latter  is 
afterwards  precipitated  by  sulphuretted  hydrogen. 

Malic  acid  has  a  very  pleasant  acid  taste.  It  crystallizes 
with  great  difficulty  and  in  an  imperfect  manner,  attracts 
moisture  from  the  atmosphere,  and  is  very  soluble  in  water 
and  alcohol.  Its  aqueous  solution  is  gradually  decomposed 
by  keeping.  Nitric  add  converts  it  into  oxalic  add.  Heated 
in  close  vessels  it  is  decomposed  with  formation  of  a  new  and 
volatile  add,  which  has  hence  received  the  name  of  pyrotmttic 
acid. 

According  to  a  recent  analysis  of  the  malates  of  lime,  lead, 
and  copper  by  Dr.  Prout,  100  parts  of  anhydrous  malic  add 
consist  of  40'68  parts  of  carbon,  54*24  of  oxygen,  and  5*08 
parts  of  hydrogen.  This  result  differs  considerably  from  that 
since  published  by  Liebig,  according  to  whose  analysis  of 
malate  of  zinc  and  malate  of  silver,  the  add  is  composed  of 
4  equivalents  of  carbon,  4  of  oxygen,  and  1  of  hydrogen ; 
and  the  equivalent  of  the  acid  is  57.  (An.  de  Ch.  et  Ph. 
xliii.  259.) 

Most  of  the  salts  of  malic  acid  are  more  or  less  soluble 
in  water.  The  malates  of  soda  and  potash  are  deliquescent 
and  very  soluble.  Those  of  lead  and  lime,  the  most  inso- 
luble of  the  malates,  are  sparingly  soluble  in  cold  water,  but 
are  freely  dissolved  by  that  liquid  at  a  boiling  temperature, 
a  circumstance  which  distinguishes  the  malic  from  oxalic, 
tartaric,  and  citric  acids. 

BENZOIC    ACID. 

Benzoic  acid  exists  in  gum  benzoin,  in  storax,  in  the  bal- 
sams of  Peru  and  Tolu,  and  in  several  other  vegetable  sub- 
stances. M.  Vogel  has  detected  it  in  the  flowers  of  the  trifo- 
Hum  meliloius  officinalis.  It  is  found  in  considerable  quantity 
in  the  urine  of  the  cow  and  other  herbivorous  animals,  and  is 
perhaps  derived  from  the  grasses  on  which  they  feed.  It  has 
also  been  detected  in  the  urine  of  children. 
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bonate  of  potash  with  acetic  acid*  or  by  deoomposiiig  acetate 
of  lime  with  sulphate  of  potash.  Wlien  cautiously  evaporated 
it  fonDS  irregular  crystals,  which  are  obtained  with  difficulty 
owing  to  the  deliquescent  property  of  the  salt.  According  to 
Dr.  Thomson,  the  crystals  are  composed  of  one  equivalent  of 
neutral  acetate  of  potash,  and  two  equivalents  of  water.  It  is 
commonly  prepared  for  pharmaceutic  purposes  by  evaporatii^ 
the  solution  to  dryness,  and  heating  the  residue  so  as  to  cause 
the  igneous  fusion.  On  cooling  it  becomes  a  white  crystalline 
foliated  mass,  which  is  generally  alkaline. 

This  salt  is  highly  soluble  in  water,  and  requires  twice  its 
weight  of  boiling  alcohol  for  solution. 

Dr.  Thomson  procured  a  bin-acetate  by  mixing  acetic  add 
and  carbonate  of  potash  in  the  proportion  of  two  equivalents 
of  the  former  to  one  of  the  latter.  On  confining  the  solutioo 
along  with  sulphuric  acid  under  the  exhausted  receiver  of  aa 
air-pump,  the  bin-acetate  was  deposited  in  large  transparent 
flat  plates.  The  crystals  contain  six  equivalents  of  water, 
and  deliquesce  rapidly  on  exposure  to  the  air. 

Acetate  of  Soda  is  prepared  in  large  quantity  by  manu- 
facturers of  pyroltgneous  add  by  neutralizing  the  impure  arid 
with  chalk,  and  then  decomposing  the  acetate  <^  lime  by  sul- 
phate of  soda.  It  crystallizes  readily  by  gentle  evaporation, 
and  its  crystals,  which  are  not  deliquescent,  are  composed  of 
5\  ports  or  one  equivalent  of  acetic  add,  31 '3  parts  (w  one 
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According  to  the  analysis  of  Dr.  Ure,  it  contains  13  instead 
of  15  equivalents  of  carbon.     (Philos.  Trans,  for  1822.) 

Most  of  the  benzoates  are  soluble  in  water.  Those  of  lead, 
mercury,  and  peroxide  of  iron  are  the  most  insoluble.  The 
benzoate  of  soda  and  ammonia  are  sometimes  employed  for 
separating  iron  from  manganese.  If  the  solution  is  quite 
neutral,  peroxide  of  iron  is  completely  precipitated,  wbOe  the 
manganese  remains  in  solution. 

GALLIC   ACID. 

This  acid  was  discovered  by  Scheele  in  1786,  and  exists 
ready  formed  in  the  bark  of  many  trees,  and  in  gall-nuts. 
It  is  always  associated  with  tannin,  a  substance  to  which  it  is 
allied  in  a  manner  hitherto  unexplained. 

Several  processes  have  been  described  for  the  preparation  of 
gallic  acid ;  but  the  most  economical  appears  to  be  that  of 
Scheele  as  modified  by  M.  Braconnot.  (An.  de  Ch.  et  de 
Ph.  ix.)  Any  quantity  of  gall-nuts,  reduced  to  powder,  is  in- 
fused for  a  few  days  in  four  times  its  weight  of  water ;  and  the 
infusion,  after  being  strained  through  linen,  is  kept  for  two 
months  in  a  moderately  warm  atmosphere.  During  this 
period,  the  surface  of  the  liquid  becomes  mouldy,  the  tannin 
of  the  gall-nuts  disappears  more  or  less  completely,  and  a 
yellowish  crystalline  matter  is  deposited*  On  evaporating 
the  solution  to  the  consistence  of  syrup,  and  allowing  it  to 
cool,  an  additional  quantity  of  the  same  substance  subsides. 
The  gallic  acid,  thus  procured,  is  impure,  owing  to  the  pre- 
sence of  colouring  matter  and  a  peculiar  add,  to  which  M. 
Braconnot  has  applied  the  name  of  ellagic  acid.  The  gallic 
acid  is  separated  from  the  latter  by  boiling  water,  in  which 
the  ellagic  acid  is  insoluble ;  and  it  is  rendered  white  by  di- 
gestion with  animal  charcoal  deprived  of  its  phosphate  of 
lime  by  muriatic  acid.  When  the  colourless  solution  is  con- 
centrated by  evaporation,  the  gallic  acid  is  deposited  in  small 
white  acicular  crystals  of  a  silky  lustre.  Some  crystals  pr^ 
pared  by  Mr.  Phillips,  and  examined  by  Mr.  Brooke,  were 
in  the  form  of  an  oblique  rhombic  prism. 

Pure  gallic  acid  has  a  weak  acid  taste  accompanied  with 
slight  astringency,  and  reddens  litmus.  In  boiling  water  it 
is  freely  soluble,  but  it  requires  100  parts  of  cold  water  for 
solution :  it  is  soluble  in  ether.     Its  solution  may  be  pre- 
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add  is  preaent.  It  oppeirs  from  the  analyslfl  of  Berzetiua 
to  coniut  of  one  equivalent  of  add,  and  three  equivalent!  ot 
oxide  of  lead,  and  is  therefore  a  tri-acetatt. 

A  di-acetale  may  likewise  be  fbrmed  bj  bcaliog  with  water 
a  mixture  of  lithaiige  and  acetate  of  lead  in  atomic  proportioa. 
(Thorn  BOD.) 

Acetatet  of  Copper. — ^These  salts  have  been  carefully  stu- 
died by  Beraelius  and  Phillips.  (An.  of  PhU.  N.  S.  i.  iL  iv. 
and  viii.)  The  neutral  acetate  may  be  formed  dtber  by  dia. 
solving  oxide  of  copper  or  common  verdigris  in  acetic  add, 
or  by  decomposing  sulphate  of  copper  by  an  equivalmt 
quantity  of  acetate  'of  lead.  On  evaporation  it  readily  cry»> 
tallizes  in  rhombic  octohedrons  of  a  dark  green  eobnir,  whidi 
are  soluble  in  SO  times  thdr  weight  of  cold  water,  in  fi  of 
boiling  water,  and  in  14  of  boiling  alo^l.  The  crystals  eon* 
sist  of  39'6  parts  or  one  equivalent  of  the  black  oxide,  01 
parts  or  1  equivalent  of  acetic  add,  and  B  parts  or  1  equiv^ 
lent  of  water. 

When  copper  plates  are  covered  with  a  layer  of  the  neutral 
acetate,  made  into  a  thin  paste  with  water,  and  are  then  ex- 
posed for  about  two  months  to  a  moist  atmoq>bere,  a  sub^alt 
is  generated  which  appears  in  crystalline  blue  scales  and 
needles  of  a  silky  lustre.  It  is  a  diacetate,  consisting  of  3  equi- 
valenu  of  the  black  oxide  and  1  of  acetic  acid,  united  with 
six  equivalents  irf  water.     At  213°  it  loses  part  of  its  water 
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a  persalt  of  iron  the  peroxide  is  reduced  to  the  protoxide^ 
and  the  pyrogallic  acid  is  decomposed  by  the  oxygen  of  the 
oxide,  a  deep  brown  tint  being  occasioned  at  the  same  time. 
With  a  proto-salt  of  iron  it  gives  a  blackish  blue  colour. 
According  to  the  analysis  of  Berzelius,  100  parts  of  pyrogallic 
acid  contain  56*64  of  carbon,  38*36  of  oxygen,  and  5*00  of 
hydrogen ;  and  its  equivalent  is  e^mated  by  the  same  chemist 
at  63  or  64.     (An.  of  Phil,  v.) 

EUagic  Acidj  so  called  by  Braconnot  from  the  word  gaUe 
read  backwards,  is  left  in  the  process  above  described  after 
the  gallic  acid  is  removed  by  hot  water,  in  the  form  of  a  gray 
powder,  the  greater  part  of  which  is  soluble  in  a  dilute  solu- 
tion of  potash.  On  exposure  to  the  air,  so  that  the  alkali 
may  absorb  carbonic  acid)  small  shining  scales  are  deposited. 
These  consist  of  ellagic  acid  and  potash,  and  by  washing 
them  with  dilute  muriatic  add  the  former  is  left  as  a  yellow- 
ish-gray  powder,  which  is  insoluble  in  water,  alcohol,  and 
ether,  has  no  taste,  and  reddens  litmus  faintly.  Its  real 
nature  is  not  yet  determined. 

SUCCINIC   ACID. 

This  acid  is  procured  by  heating  powdered  amber  in  a 
retort  by  a  regulated  temperature,  when  the  succinic  acid, 
which  exists  ready  formed  in  amber,  passes  over  and  con- 
denses in  the  receiver.  As  first  obtained,  it  has  a  yeUow 
colour  and  peculiar  odour,  owing  to  the  presence  of  aome 
empyreumatic  oil ;  but  it  is  rendered  quite  pure  and  white 
by  being  dissolved  in  nitric  acid,  and  then  evaporated  to  dry- 
ness. The  oil  is  decomposed,  and  the  succinic  acid  left  un- 
changed. 

Succinic  add  has  a  sour  taste,  and  reddens  litmus  p^per. 
It  is  soluble  both  in  water  and  alcohol,  and  crystallises  by 
evaporation  in  anhydrous  prisms.  When  briskly  heated,  it 
fuses,  undergoes  decomposition,  and  in  part  sublimes,  emit- 
ting a  peculiar  and  very  characteristic  odour. 

The  salts  of  sucdnic  add  have  been  little  examined.  The 
sucdnates  of  the  alkalies  are  soluble  in  water.  That  of  am- 
monia is  frequently  employed  for  separating  iron  from  man- 
ganese, per-sucdnate  of  iron  bdng  quite  insoluble  in  cold 
water,  provided  the  solutions  are  neutral.  Sucdnate  of  man- 
ganese, on  the  contrary,  is  scduble. 
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mettoteUa  or  wood  aorrd;  but  it  almost  always  oomn  in  com- 
tttnatioD  dtber  with  lime  or  polub.  These  plants  cmtain 
binoxalate  ot  potaah ;  aad  the  oxalate  of  lime  has  been  fbuDd 
in  large  quantity  b;  M.  Braconnot  io  several  spedea  ol  UAta. 

Oxalic  add  is  easfly  made  artifidally  by  digcitiiig  sugn-  in 
five  or  six  times  its  weight  of  nitric  acid,  and  expelling  tba 
excess  of  that  add  by  diatillatioii,  untQ  a  fluid  of  the  con- 
sistence of  syrup  remains  in  the  retort.  The  residue  In 
cooUng  yidds  crystals  of  oxalic  add,  the  wdght  of  whidi 
amounts  to  rather  nMre  than  half  the  quantity  of  the  sugar 
employed.  They  should  he  purified  by  repeated  aolutitMi  in 
pare  water,  and  re-crystallization ;  for  they  are  very  apt  to 
retain  traces  of  nitric  add,  the  odour  of  which  becmaea  ob- 
vious when  the  crystals  are  heated.  In  the  coovernon  of 
sugar  into  oxalic  add,  changes  of  a  very  complicated  nature 
ensue,  during  which  a  large  quantity  of  biooxide  of  nitrogen 
with  some  carbonic  add  is  dismgaged :  water  Is  fi^y  geoe- 
rated  at  the  same  lime,  and  a  small  quantity  of  malic  and 
acetic  adds  is  produced.  Aa  oxalic  add  does  not  ocmtain  any 
hydrogen,  and  has  a  smaller  proportional  quantity  c^  carbon 
iban  sugar,  there  can  be  no  doubt  that  the  production  of  tbia 
add  essentially  depends  upon  the  sugar  being  deprived  tS  all 
its  hydrogen  and  a  portion  of  its  carbon  by  oxygen  derived 
from  the  nitric  add. 

Many  organic  substances  besides  sugar,  sucb  as  starch, 
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with  a  slight  excess  of  ammonia,  and  dissolves  the  resulting 
salts  in  boiling  water.  It  is  filtered  while  hot,  and  the  so- 
lution evaporated  slowly  almost  to  dryness.  The  saccholac- 
tate  of  ammonia  is  thus  obtained  in  crystals,  which  are  to  be 
washed  with  cold  distilled  water,  until  they  become  quite 
white.  They  are  then  dissolved  in  boiling  water,  and  the 
saturated  hot  solution  dropped  into  cold  dilute  nitric  acid. 

The  saccholactic  is  a  weak  acid,  which  is  insoluble  in 
alcohol,  and  requires  sixty  times  its  weight  of  boiling  water 
for  solution.  When  heated  in  a  retort  it  is  decomposed;  and 
in  addition  to  the  usual  products,  yields  a  volatile  white 
substance,  to  which  the  name  o(  pyro^mucic  add  has  been 
applied.  According  to  the  analysis  of  Dr.  Prout,  saccholactic 
aeid  is  composed  of  33  parts  of  carbon,  61*5  of  oxygen,  and 
4*9  of  hydrogen. 

Moroxylic  Acid. — ^This  compound,  which  was  discovered  by 
Klaproth,  is  found  in  combination  with  lime  on  the  bark  of 
the  morus  alba  or  white  mulberry,  and  has  hence  received  the 
appellation  of  moric  or  moroxylic  acid.  It  is  obtained  by  de- 
composing moroxylate  of  lime  by  acetate  of  lead,  and  then 
separating  the  lead  from  the  moroxylate  of  that  base  by  means 
of  sulphuric  acid. 

Hydrocyanic  or  Prussic  Acidy  which  is  not  an  unfrequent 
production  of  plants,  has  already  been  described. 

The  SorbiCf  as  already  mentioned,  has  been  shown  to  be 
malic  acid. 

Rheumic  Acid. — This  name  was  applied  to  the  acid  princi- 
ple contained  in  the  stem  of  the  garden  rhubarb;  but  M. 
Lassaigne  has  shown  it  to  be  oxalic  acid. 

Ckloroxalic  Acid. — When  crystallizable  acetic  add  is  put 
into  a  glass  vessel  full  of  dry  chlorine,  and  exposed  for  a  day 
to  bright  sun-shine,  muriatic  acid  gas  is  generated,  and  during 
the  night  chloroxalic  acid  is  deposited  in  dendritic  crystals  or 
small  rhombic  scales.  In  order  to  obtain  it  pure  the  chlorine 
should  be  in  excess,  and  the  gases  subsequently  expelled  from 
the  flask  by  dry  air.  The  new  acid  is  very  volatile  and  deli- 
quescent, and  when  evaporated  in  vacuo  yields  rhombic  crys- 
tals. Its  elements  are  in  such  proportion  that  it  may  be  re- 
garded  as  a  compound  of  one  equivalent  of  muriatic  and  one 
equivalent  of  oxalic  acid.  These  observations  were  made  by 
Dumas.     (Pog.  Annalen,  xx.  166.) 
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Consistentl;  with  this  viev,  Dobereiner  found  that  oxalic  acid 
ii  converted  into  carbonic  add  and  carbonic  oxide  by  the 
action  of  a  very  lai^  excess  of  fuming  sulphuric  acid.  (An. 
de  Ch.  et  de  Ph.  xix.)  The  experiment  succeeds  so  readily 
with  common  oil  of  vitriol,  that  I  habitually  prepare  car- 
bonic oxide  by  this  process.  The  decomporition  takes  place 
slowly  at  S1S°,  and  at  230°  it  is  rapid.- 

Oxalic  acid  is  one  of  the  most  powerful  and  rapidly  fatal 
pmsons  which  we  possess ;  and  frequent  acddents  hare  oc^ 
curred  ftom  its  being  sold  and  taken  by  mistake  for  Kpsom 
salts,  with  the  appearance  of  which  its  crystals  have  some 
resemblance.  These  substances  may  be  easily  distinguished, 
however,  by  the  strong  acidity  of  oxalic  acid,  which  may  be 
tasted  without  danger,  while  sulphate  of  magneaa  is  quite 
neutral,  and  has  a  Utter  saline  taste.  In  cases  of  ptasoning 
with  this  add,  chalk  mixed  with  water  should  be  administer- 
ed as  an  antidote,  an  insoluble  oxalate  being  formed,  which  is 
inert.  Chalk  was  first  suggested  for  this  purpose  by  my  col- 
league. Dr.  A.  T.  Thomson,  and  his  opinion  has  been  since 
fully  confirmed  by  the  experiments  of  Drs.  Christison  and 
Coindet,  who  have  recommended  the  use  of  magnesia  with 
the  some  intention.     (Christison  on  Poisons.) 

Oxalic  add  is  easily  distinguished  from  all  other  adds  by 
the  form  of  its  crystals,  and  by  its  solution  giving  with  lime 
water  a  white  predpitate,  whidi  is  instduble  in  an  excess  of 
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Suberic  Acid  is  procured  by  the  action  of  nitric  add  on  cork. 
Its  acid  properties  are  feeble.  It  is  very  soluble  in  boiling 
water,  and  the  greater  part  of  it  is  deposited  from  the  solution 
in  cooling  in  the  form  of  a  white  powder.  Its  salts,  which 
have  been  little  examined,  are  known  by  the  name  of  stiberates. 

Zumic  Acid, — This  compound,  procured  by  Braconnot  from 
several  vegetable  substances  which  had  undergone  the  acetous 
fermentation,  appears  from  the  observations  of  Vogel  to  be 
lactic  (acetic)  acid.     (Annals  of  Philosophy,  vol.  xii.) 

Kinic  Acid, — =This  acid  exists  in  cinchona  bark  in  combi- 
nation with  lime.  On  evaporating  an  infusion  of  bark  to  the 
consistence  of  an  extract,  and  treating  the  residue  with  alcohol, 
a  viscid  matter  remains,  consisting  of  kinate  of  lime  and  mu- 
cilaginous matters.  On  dissolving  it  in  water,  and  allowing 
the  concentrated  solution  to  evaporate  spontaneously  in  a 
warm  place,  the  kinate  crystallises  in  rhombic  prisms  with 
dihedral  summits,  and  sometimes  in  rhomboidal  plates.  From 
a  solution  of  this  salt  Vauquelin  priedpitated  the  lime  by 
means  of  oxalic  acid,  and  thus  obtained  kinic  add  in  a  pure 
state.     (An.  de  Gh.  lix.) 

Kinic  acid  has  an  add  taste  like  that  of  tartaric  add, 
reddens  litmus,  and  neutralizes  alkalies.  Its  spedfic  gravity 
is  1  *637.  It  is  soluble  in  water  and  alcohol,  requiring  2^  times 
its  weight  of  the  former  at  48°  F.  It  forms  soluble  compounds 
with  alkalies  and  alkaline  earths,  and  is  not  predpitated  by  a 
salt  of  mercury,  lead,  or  silver.  Kinate  of  soda  crystaUiees 
in  very  fine  six-sided  prisms. 

From  recent  analyses  by  Liebig,  the  equivalent  of  kinic  add 
is  201*5,  and  the  crystallized  kinate  of  lime  contains  28*2  per 
cent  of  water  of  crystallization,  corresponding  to  10  equiva- 
lents of  water  united  with  1  equivalent  or  230  parts  of  the 
anhydrous  salt.  The  add  was  found  to  conskt  of  (An.  de 
Ch.  et  Ph.  xlvii.  191.) 

Carbon  4616  93  15^  eq. 

Hydrogen    .  611         .         12         .         12    eq. 

Oxygen  4773        .        96        .        12    eq. 

10000  201 

The  acid  therefore  contains  46*16  per  cent  of  carbon,  the 
remainder  being  oxygen  and  hydrogen  in  the  exact  ratio  to 
form  water. 
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•oluble  of  thew  lalts,  and  is  formed  by  digesting  tbe  binoxa- 
Ute  in  nitric  add,  by  which  it  is  deprived  of  one  hilf  of  its 
bue.  It  IB  ctHiiposed  of  four  equivalents  of  add,  one  of 
potash,  and  seven  of  water. 

Oxalate  of  Soda,  which  may  be  made  in  the  same  manner 
as  oxalate  of  potash,  is  very  rarely  employed,  and  is  of  little 
importance.  It  likewise  forms  a  binoxalatfi,  but  no  quadrox- 
alate  is  known. 

Oxalate  of  ammonia,  prepared  by  neutralizing  that  alkali 
with  oxalic  add,  is  much  used  as  a  reagent.  It  is  v«y 
soluble  in  hot  water,  and  is  deposited  in  adcular  crystals 
when  a  saturated  hot  solution  is  allowed  to  cool.  The  crystala 
oootain  two  equivalents  of  water.  Dr.  Thomson  has  likewisa 
described  a  binoxolote  of  ammonia,  which  is  less  soluble  than 
tbe  preceding,  and  contains  three  equivalents  of  water. 

During  the  decomposition  of  oxalate  of  ammonia  by  beat 
an  interesting  compound  is  generated,  which  was  discovered 
and  described  by  Dumas,  who  has  given  it  the  name  of 
oxalammide  or  oxamida,  compounded  of  the  words  oxaUe  and 
ammonia.  (An.  de  Ch.  et  Ph,  xliv.  129-)  On  putting  oxa- 
late ot  ammonia  into  a  retort  and  applying  heat,  the  crystals 
at  first  lose  water,  and  become  opaque ;  then  the  salt,  where 
directly  in*  contact  with  the  hot  glass,  fuses,  boils,  and  disap- 
pears ;  and  this  action  goes  on  successively  through  the  moss, 
until,  excepting  traces  of  a  light  carbonaceous  matter,  the 
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Crameric  Acid. — ^This  acid  was  discovered  by  M.  Peschier 
of  Geneva  in  the  extract  of  Rhatany  root,  Crameria  trtandra. 
After  separating  from  an  aqueous  solution  of  the  extract  all 
the  tannin  by  means  of  gelatine,  and  then  neutralizing  by 
ammonia,  acetate  of  lead  is  added  as  long  as  it  occasions  a 
precipitate :  the  cramerate  of  lead  is  decomposed  either  by 
sulphuric  acid  or  sulphuretted  hydrogen ;  and  the  solution  is 
concentrated  that  the  crameric  acid  may  crystallize.  This 
acid  forms  a  sparingly  soluble  salt  with  baryta ;  and  it  is  sin- 
gular that  the  small  quantity  which  is  dissolved,  is  not  preci- 
pitated by  sulphuric  acid,  though  the  baryta  may  be  thrown 
down  by  an  alkaline  carbonate. 

Croconic  Actd.— In  the  preparation  of  potassium  firom 
cream  of  tartar,  (page  447)  the  principal  products  are  potas- 
sium and  carbonic  oxide  gas ;  but  these  are  accompanied  with 
dense  fumes,  which  in  cool  vessels  deposite  a  gray  flaky  sub- 
stance. On  the  addition  of  water  this  matter  becomes  red, 
and  on  exposure  to  the  air  a  reddish-yellow  solution  is  formed^ 
which  by  gentle  evaporation  yields  croconate  of  potash  in 
crystals  of  the  same  colour  as  the  solution :  the  residual 
liquid  contains  bicarbonate  and  oxalate  of  potash.  In  order 
to  separate  croconic  acid  the  crystals,  purified  by  a  second 
crystallization  and  reduced  to  fine  powder,  are  put  into  abso- 
lute alcohol  to  which  sulphuric  acid  of  specific  gravity  1*78, 
in  quantity  insufficient  for  combining  with  all  the  alkali  of  the 
croconate,  is  added.  The  mixture  is  gently  warmed  during 
several  hours,  and  frequently  shaken,  until  a  drop  of  the  solu- 
tion, mixed  with  muriate  of  baryta,  causes  no  turbidity.  The 
yellow  alcoholic  solution  of  croconic  acid  is  then  separated 
from  sulphate  of  potash  by  filtration,  and  the  acid  obtained 
by  expelling  the  alcohol.     (Omelin's  Handbuch.) 

Croconic  acid,  by  solution  in  water  and  spontaneous  evapo- 
ration, yields  transparent  prismatic  crystals  of  a  yellow  colour, 
which  are  inodorous,  have  an  acid  astringent  taste^  redden  lit- 
mus, and  neutralize  alkaline  bases.  It  bears  a  heat  of  212^ 
without  decomposition^  but  at  a  higher  temperature  it  is  de- 
composed, giving  a  deposite  of  charcoal.  A  similar  facility 
of  decomposition  is  conspicuous  in  all  its  salts:  when,  for 
instance,  croconate  of  potash  is  heated,  it  takes  fire  at  a  tem- 
perature below  ignition,  the  whole  mass  blackens,  and  is  found 
to  be  a  mixture  of  charcoal  and  carbonate  of  potash.     Ac- 
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This  gait  ia  interestiog  in  a  pathdogical  point  of  view,  be- 
cause it  is  a  frequent  ingredient  of  urinary  concretions.  It  is 
the  basis  of  what  is  called  the  mulberry  calcului. 

Oxalate  of  Magnetia. — This  salt  may  be  prepared  by  mix- 
ing oxalate  of  ammonia  with  a  hot  concentrated  solution  of 
sulphate  of  magnena.  It  is  a  white  powder,  which  is  very 
sparingly  soluble  in  water;  but,  nevertheless,  when  sulphate 
of  magaesia  is  moderately  diluted  with  cold  water,  oxalate  of 
ammonia  occasions  no  precipitate.  On  this  fact  is  founded 
the  best  analytic  process  for  separating  lime  from  magnesia. 

Oxalate  of  Chromium  and  Potash. — This  salt  was  discover- 
ed by  my  Brother  during  the  winter  of  1830-31,  by  adding 
oxalic  acid  to  a  solution  of  bichromate  of  potash  until  efo- 
vescence  ceased,  and  then  evaporating.  The  same  salt  has 
been  prepared  independently,  and  by  a  better  process,  by  Dr. 
W.  Gregory,  who  employed  190  parts  of  bichromate  tk  pot- 
ash, 167 '5  of  oxalic  acid  in  crystals,  and  617'5  of  crystals  of 
binoxalate  of  potash,  pours  hot  water  over  the  materials,  and 
when  effervescence  has  ceased  concentrates  very  considerably. 
This  beautiful  salt  crystallizes  in  thin  elongated  prisms, 
which  appear  blacic  by  reflection,  blue  by  transmitted  li^t, 
and  green  when  reduced  to  powder :  its  solution  is  green  and 
red  at  the  same  time,  except  by  candle  light,  when  it  is  rf 
a  pure  red.  Dr.  Gregory  considers  it  a  compound  of  3  equi- 
vidents  of  oxalic  add,  2  of  potash,  1  of  green  oxide  of  chro- 
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sequently  examined  by  Proust,  Fourcroy  and  Vauquelin, 
Chevreul,  and  Liebig.  It  is  made  by  dissolving  small  frag- 
ments of  the  best  indigo  in  eight  or  ten  times  their  weight  of 
moderately  strong  nitric  acid,  and  boiling  as  long  as  nitrous 
acid  fumes  are  evolved.  During  the  action,  carbonic,  pruasic, 
and  nitrous  acids  are  evolved ;  and  in  the  liquid,  besides  car- 
bazotic  acid,  is  found  a  resinous  matter,  artificial  tannin,  and 
a  peculiar  add,  mistalcen  for  the  benzoic  by  Fourcroy  and 
Yauquelin,  and  recognised  as  a  distinct  compound  under  the 
name  otacid  of  indigo  by  Chevreul.  On  cooling,  carbazotic 
acid  is  freely  deposited  in  transparent  yellow  crystals ;  and 
on  evaporating  the  residual  liquid,  and  adding  cdld  water,  an 
additional  quantity  of  the  acid  is  procured.  To  render  it 
quite  pure  it  should  be  dissolved  in  hot  water,  and  neutralized 
by  carbonate  of  potash.  As  the  liquid  cools,  carbazotate  of 
potash  crystallizes,  and  may  be  purified  by  repeated  crystal- 
lization. The  add  may  be  predpitated  from  this  salt  by  sul- 
phuric add. 

Carbazotic  add  is  sparingly  soluble  in  cold  water ;  but  it  is 
dissolved  much  more  freely  by  the  aid  of  heat,  and  on  cooling 
yields  brilliant  crystalline  plates  of  a  yellow  colour.  Ether 
and  alcohol  dissolve  it  readily.  It  is  fused  and  volatUisted  by 
heat  without  decomposition ;  but  when  suddenly  exposed  to 
a  strong  heat,  it  inflames  without  explosion,  and  bums  with 
a  yellow  flame,  with  a  residue  of  charcoal.  Its  solution  has 
a  bright  yellow  colour,  reddens  litmus  paper,  is  extremely 
bitter,  acts  like  a  strong  acid  on  metallic  oxides,  and  yields 
crystallizable  salts.  Its  composition  will  be  stated  in  the 
description  of  indigotic  acid.  (Journal  of  Science,  li.  210, 
and  iii.  490.) 

The  bitter  principle  of  Welter,  formed  by  the  action  of 
nitric  acid  on  silk,  as  also  the  bitter  prindple  of  aloes,  which 
Braconnot  prepared  by  heating  aloes  in  nitric  acid  of  1'25 
until  reaction  ceased,  is  carbazotic  acid. 

Indigotic  Acid. — The  acid  of  indigo,  above  noticed,  has 
hitely  been  carefully  studied  by  Dr.  Bufil  (An.  de  Ch.  eft 
Ph.  xxxvii.  160,  xxxix.  290,  and  xli.  174.)  It  is  generated, 
with  disengagement  of  carbonic  acid  and  binoxide  of  nitrogen 
in  equal  measures,  but  without  the  production  of  any  carba- 
zotic acid,  by  boiling  indigo  in  rather  dilute  nitric  add, 
formed  by  mixing  nitric  acid  of  1*2  with  an  equal  wdgfat  of 
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pota^  The  neutral  tartrates  of  tlw  alkalies,  of  magnesia, 
and  copper,  are  soluble  in  water ;  but  most  of  the  tartrates  <^ 
the  other  bases,  and  especially  those  of  lime,  baryta,  strootia, 
and  lead,  are  insoluble.  All  these  neutral  tartrates,  however, 
which  are  insoluble  in  pure  water,  are  soluble  in  an  excess  of 
their  acid.  They  are  decomposed  by  digestion  in  carbonate 
of  potash ;  and  when  an  acid  is  added  in  excess,  faitartrate  of 
potash  is  precipitated.  All  the  insoluble  tartrates  are  easfly 
procured  from  neutral  tartrate  of  potash  by  way  of  douUe 
decomposition. 

Tartratet  of  Polath. — The  neutral  tartrate,  frequently 
called  soluble  tartarfia  formed  by  neutralizing  a  solution  of 
the  bitartrate  with  carbonate  of  potash ;  and  it  is  a  product 
of  the  operation  abore  described  for  making  tartaric  add. 
Its  primary  form  ia  a  right  rhomboidal  prism  ;  but  it  often 
occurs  in  irregular  six-sided  prisms  with  dihedral  summits. 
Its  crystals  are  very  soluble  in  water,  and  attract  moisture 
when  exposed  to  the  air.  They  consist  of  113'15  parts  or 
one  equivalent  of  (he  neutral  tartrate,  and  two  of  water. 
They  are  rendered  quite  anhydrous  by  a  temperature  not 
exceeding  24a°  Fahr. 

Of  the  bitartrate  an  impure  form,  commonly  known  by  the 
name  of  tartar,  is  found  encrusted  on  the  sides  and  bnttom  of 
wine.caBks,  a  source  from  which  all  the  tartar  of  commerce 
is  derived.     This  salt  exists  in  the  juice  of  the  grape,  uid. 
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15  or  20  of  water,  being  purified  from  indigotic  add  by  the 
action  of  hot  water.  In  order  to  separate  it  from  unchanged 
indigo,  it  is  dissolved  by  carbonate  of  potash,  and  predpi- 
tated  by  an  acid. 

SECTION  11. 

VEGETABLE   ALKALIES. 

Under  this  title  are  comprehended  those  proximate  vegeta- 
ble principles  which  are  possessed  of  alkaline  properties.  The 
honour  of  discovering  the  existence  of  this  class  of  bodies  is 
due  to  Sertuemer,  a  German  apothecary,  who  published  an 
account  of  morphia  so  long  ago  as  the  year  1803;  but  the 
subject  excited  na  notice  until  the  publication  of  his  second 
essay  in  1816.  The  chemists  who  have  since  cultivated  this 
department  with  most  success  are  M.  Robiquet,  and  MM. 
Pelletier  and  Caventou. 

All  the  vegetable  alkalies,  according  to  the  researches  of 
Pelletier  and  Dumas,  consist  of  carbon,  hydrogen,  oxygen, 
and  nitrogen.  (An.  de  Ch.  et  de  Ph.  xxiv.)  They  are  de- 
composed with  facility  by  nitric  acid  and  by  heat,  and  ammo- 
nia is  always  one  of  the  products  of  the  destructive  distilla- 
tion. They  never  exist  in  an  insulated  state  in  the  plants 
which  contain  them ;  but  are  apparently  in  every  case  com- 
bined with  an  acid,  with  which  they  form  a  salt  more  or  less 
soluble  in  water.  These  alkalies  are  for  the  most  part  very 
insoluble  in  water,  and  of  sparing  solubility  in  cold  alcohol ; 
but  they  are  all  readily  dissolved  by  that  fluid  at  a  boiling 
temperature,  being  deposited  from  the  solution,  commonly  in 
the  form  of  crystals,  on  cooling.  Most  of  the  salts  are  far 
more  soluble  in  water  than  the  alkalies  themselves,  and  seve- 
ral of  them  are  remarkable  for  their  solubility. 

The  late  M.  Serullas  observed  that  iodic  add  is  disposed  to 
form  with  most  of  the  vegetable  alkalies  supersalts,  which  are 
very  insoluble  in  alcohol,  and  he  proposed  this  property  as  a 
test  of  vegetable  alkalies.  It  suffices  to  dissolve  a  vegetable 
alkali,  especially  quina  or  cinchonia,  or  any  of  thdr  salts,  in 
alcohol,  and  to  add  drop  by  drop  a  solution  of  iodic  add,  so 
that  it  may  be  in  excess:  a  supersalt  is  goierated,  which, 
though  in  very  minute  quantity,  is  immediatdy  precipitated. 
The  iodic  acid  being  itself  insoluble  in  alcohol,  should  be  so 
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boiled  to  dryness  id  an  iron  vessel  with  900  of  sulphuric 
add,  ud  that  the  residual  subsulphate  be  btnled  with  an 
equal  weight  of  cream  of  tartar.  The  solution  of  the  douUe 
salt,  however  made,  should  be  concentrated  by  evaporation, 
and  allowed  to  cool  in  order  that  crystals  may  form. 

Tartrate  of  antimony  and  potash  yields  crystals,  which  are 
transparent  when  first  formed,  but  become  white  and  opaque 
by  exposure  to  the  air.  Its  primary  form  has  been  correctly 
described  by  Mr.  Brooke  as  an  octohedron  with  a  rhombic 
base  (Ad.  of  Phil.  N.  S.  vi.  40.) ;  but  the  edges  of  the  base 
are  frequently  replaced  by  planes  which  communicate  a  pri^ 
made  form,  and  its  summits  ore  generally  formed  with  an 
edge  iosleod  of  a  solid  angle,  which  edge  is  frequently  trun- 
cated, presenting  a  narrow  rectangular  surface.  It  frequently 
occurs  in  s^ments,  having  the  outline  of  a  triangular  prism, 
a  form  which  has  deceived  many  into  the  belief,  that  the 
tetrahedron  or  regular  octohedron  is  the  primary  form  (^ 
tartar  emetic  It  has  a  styptic  metallic  taste,  reddens  litmus 
paper  slightly,  and  is  soluble  in  fifteen  parts  of  water  at  60°, 
and  in  three  of  boiling  water.  (Dr.  Duncan,  jun.)  Its  aque- 
ous solution,  like  that  of  all  the  tartrates,  undergoes  sponta- 
neous decomposition  by  keeping ;  aod  therefore,  if  kept  in 
the  liquid  form,  alcohol  should  be  added  in  order  to  preserve 
it.  From  the  analysis  of  Thomson,  Phillips,  and  Wollquist, 
it  may  be  considered  a  compound  of 


766  UOEPHIA. 

and  extractive  colouring  matters,  lignin,  fixed  oil,  and  a 
small  quantity  of  caoutchouc.  The  first  step  in  its  prepa- 
ration consists  in  cutting  a  given  quantity  of  opium  into 
small  pieces,  pouring  on  distilled  water,  and  macerating  for 
two  or  three  days  at  a  temperature  not  exceeding  100^  F., 
aided  by  frequent  agitation:  the  first  infusion  is  then  de- 
canted, and  a  second  and  a  third  conducted  in  a  simiW  man- 
ner, so  that  the  soluble  parts  should  be  completely  extracted. 
A  highly  coloured  but  clear  solution  is  thus  obtained,  which 
has  the  peculiar  odour  of  opium,  is  distinctly  acid  to  test 
paper,  and  contains  all  the  meconate  of  morphia  of  the  spe* 
cimen.  The  narcotine,  combined  with  the  meoonic  or  some 
other  acid,  is  likewise  held  in  solution. 

From  the  aqueous  solution  of  opium  the  morphia  and  nar- 
cotine may  be  precipitated  by  any  of  the  alkalies  or  alkaline 
earths.  Robiquet  boiled  the  concentrated  infusion  of  a  pound 
of  opium  for  a  quarter  of  an  hour  with  about  150  grains  of 
pure  magnesia ;  and  the  grayish  crystalline  precipitate,  con- 
sisting of  meconate  of  magnesia,  morphia,  narcotine,  colouring 
matter,  and  the  excess  of  magnesia,  was  collected  on  a  filter, 
and  washed  with  cold  water.  This  precipitate  is  to  be  di- 
gested at  120^  or  130°  in  dilute  alcohol,  in  order  to  remove 
the  narcotine  and  colouring  matter:  the  morphia  is  then 
taken  up  by  concentrated  boiling  alcohol,  and  on  cooling  is 
deposited  in  crystals.  (An.  de  Gh.  et  Ph.  v.)  Dr.  Thomson 
proposed  to  precipitate  the  morphia  by  ammom'a,  and  to 
purify  it  from  colouring  matter  by  solution  in  acetic  add, 
and  digestion  with  animal  charcoal  previously  deprived  of 
phosphate  of  lime  by  muriatic  acid.  Ammonia  is  a  more 
convenient  precipitant  than  magnesia,  but  there  is  consider* 
able  loss,  unless  the  solution  is  very  concentrated.  But  by 
these  methods  the  separation  of  narcotine  is  very  imper- 
fect, and  therefore  it  is  better  to  prepare  a  pure  muriate 
of  morphia  in  the  first  instance,  and  from  that  salt  to  pre- 
cipitate the  morphia  by  means  of  ammonia  or  an  alkatine 
carbonate. 

Pure  morphia  crystallizes  readily  when  its  alcohcdic  scdu- 
tion  is  evaporated,  and  yields  colourless  crystals  of  a  brilliant 
lustre.  They  mostly  occur  in  irregular  six-sided  prisms  with 
dihedral  summits ;  but  their  primary  form  is  a  right  rhombic 
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add,  tbe  Utter  being  much  more  toluble  in  water  than 
the  former. 

The  mcemic  and  tartaric  acida,  besides  being  aaaociated  in 
nature,  afford  a  moat  tntereBting  instance  of  iaomeiism.  Gay- 
Lussac  showed  that  the  equivalents  of  these  acids  is  repre- 
sented by  the  sune  number ;  and  Berzelius  has  not  only  con- 
firmed this  fact,  but  proved  that  their  compodtum  is  Ukewise 
identical.  There  is  also  a  close  analogy  in  thrir  chemieal  re- 
lations :—^ach  forme  insoluble  salts  with  the  same  bases,  H 
with  lime,  baryta,  and  oxide  of  lead ;  biracemate  of  potash  ia 
a  sparingly  soluble  salt  analogous  to  cream  of  tartar ;  aad 
with  oxide  of  antimony  the  biracemate  of  potash  yields  a 
double  salt,  similar  in  many  respects  to  tartar  emetic,  though 
different  in  the  form  of  its  crystals.  Nevertheless,  the  two 
acids  in  some  of  their  properties  are  essentially  distinct.  The 
racemic  is  much  less  soluble  than  tartaric  acid ;  the  form  of 
its  crystals  is  different,  being  an  oblique  rhombic  prism  ;  it 
contains  two  equivalents  of  water  of  crystallization,  one  of 
which  is  given  out  at  213°,  and  the  other  when  it  unites  with 
alkalies  ;  and  it  does  not  yield  a  double  salt  with  potash  and 
•oda.  The  racemate  of  lime,  too,  is  less  soluble  than  the  tar- 
trate, and  M  but  sparingly  dissolved  by  excess  of  its  acid :  a 
aoludon  of  gypsum  is  not  affected  by  tartaric  acid,  whereas  ■ 
little  racemic  add  after  an  interval  of  about  an  hour  causes 
turbidity  :  racemate  of  lime  dissolved  in  dilute  muriatic  add 
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Liebig. 

Pelletier  &  Domai. 

Theontically. 

Carbon 

7234. 

.       7202 

• 

210       .       35  eq. 

Hydrogen 

6-36 

701 

• 

18              18  eq. 

Nitrogen 

4-99 

5-53 

• 

14      .         1  eq. 

Oxygen 

16-31 

.      1484 

• 

48               6  eq. 

10000  99-40  290 

When  opium  is  administered  as  a  poison,  its  presence  is 
rendered  obvious  by  the  peculiar  odour  of  that  drug,  as  weU 
as  by  the  red  tint  given  to  per-salts  of  iron  by  the  meconic 
add  of  the  opium  ;  but  when  death  is  occasioned  by  a  salt  of 
morphia,  it  becomes  necessary  to  eliminate  the  morphia,  a 
practical  process  of  considerable  delicacy.  The  method  sug- 
gested by  Lassaigne  for  detecting  acetate  of  morphia,  may 
be  applied  to  its  saline  combinations  in  general.  (An.  de  Ch. 
et  Ph.  XXV.  102.)  The  suspected  solution  is  evaporated  by  a 
temperature  of  212^,  and  the  residue  treated  with  alcohol,  by 
which  the  salt  of  morphia,  together  with  osmazome  and  some 
salts,  is  dissolved.  The  alcohol  is  next  evaporated,  and  water 
added  to  separate  fatty  matter.  The  aqueous  solution  is  then 
set  aside  for  spontaneous  evaporation,  during  which  the  salt 
of  morphia  is  generally  deposited  in  crystals.  From  an  aque- 
ous solution  of  the  salt  ammonia  throws  down  a  crystalline 
precipitate,  which  may  be  recognized  as  morphia  by  a  combi- 
nation of  the  following  characters: — By  the  figure  of  its 
crystals ;  its  bitter  taste ;  solubility  in  alcohol ;  alkalinitjr ; 
by  the  orange-red  tint  developed  by  nitric  add ;  and  by  the 
peculiar  action  of  iodic  acid.  The  last  character  is  particu- 
larly valuable  in  distinguishing  morphia  from  other  vc^table 
alkalies :  the  latter  combine  with  iodic  acid  and  form  iodates; 
but  morphia  decomposes  iodic  acid,  and  sets  iodine  free,  which 
may  then  be  detected  by  starch.  A  grain  of  morphia  in  70(H) 
grains  of  water  may  be  discovered  by  this  test.     (SeruUas.) 

Salts  of  Morphia, — These  are  best  prepared  by  dissolving 
pure  morphia  in  dilute  acid,  and  evaporating  the  solution. 
The  neutral  sulphate  crystallizes  in  bunches  of  adcular  crys- 
tals, which  consist  of  one  equivalent  of  morphia,  one  equiva- 
lent of  acid,  and  6  equivalents  of  water :  on  drying  at  248^, 
four  equivalents  of  water  are  expelled ;  but  the  rest  of  the 
water  cannot  be  driven  oif  without  decomposing  the  salt 
itself,  and  therefore  seems  essential  to  its  constitution.     The 
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Citric  acid  is  characterized  by  its  Savour,  by  the  form  of 
its  crystals,  and  by  forming  an  insoluble  salt  with  lime  and 
a  deliquescent  Mluble  compound  with  potash.  It  does  not 
render  lime  water  turbid,  unless  the  latter  is  in  excess,  and 
fully  saturated  with  lime  in  the  cold. 

Citric  acid  is  chiefly  employed  as  a  substitute  for  lemtm 
juice.  On  some  occaaons,  as  in  making  effervescing  draughts 
or  acidulous  drinks,  tartaric  acid  may  be  used  with  equal  ad- 
vantage. 

The  salts  of  dtric  acid  are  of  little  importance.  The  citrates 
of  potash,  soda,  ammonia,  magnesia,  and  iron  are  soluble  in 
water.  The  first  is  often  made  extemporaneously  as  an  effer- 
vescing draught.  The  citrates  of  lime,  baryta,  and  atrontia, 
lead,  mercury,  and  silver,  are  very  sparingly  soluble.  All  of 
them  are  dissolved  by  an  excess  of  ^eir  own  acids,  and  are 
decomposed  by  sulphuric  acid. 

MALIC  ACID. 
This  acid  is  contained  in  most  of  the  acidulous  fruits,  being 
frequently  associated  with  tartaric  and  citric  acids.  Orapes, 
currants,  gooseberries,  and  oranges,  contain  it.  VauqueHn 
(bund  it  in  the  tamarind  mixed  with  tartaric  and  citric  adds, 
and  in  the  house-leek  (tempervivum  tectorvm),  combined 
with  lime.  It  is  contained  in  considerable  quantity  in  apples, 
a  circumstance  to  which  it  owes  its  name.     It  is  almost  the 
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is  pressed  out  from  the  crystallized  muriate  of  moq^ia :  this 
impure  salt  is  redissolved  in  water  at  70^,  filtered  through 
cloth,  mixed  with  a  little  fresh  muriate  of  lime,  crystallised, 
and  compressed  as  before.  It  is  taken  up  in  hot  water, 
digested  for  about  24  hours  with  animal  charcoal,  filtered, 
evaporated,  crystallized,  and  squeezed  in  cloth  as  on  former 
occasions ;  but  in  this  part  of  the  process  a  little  free  muri- 
atic acid  may  be  added  with  advantage,  as  it  holds  in  solution 
any  remaining  colouring  matter,  and  renders  the  crystalli- 
zation of  the  muriate  of  morphia  more  perfect.  The  pure 
salt  is  then  dried  at  a  temperature  of  150^  F.  If  a  little  be 
dissolved  in  distilled  water,  and  pure  potash  added,  crystals 
of  morphia  at  first  subside,  which  are  completely  redissolved 
by  excess  of  the  alkali ;  but,  on  the  contrary,  when  narcotine 
is  present,  the  alkali  occasions  a  peculiar  milkiness,  and  by 
heat  woolly  flocks  are  separated.  By  this  process  Dr.  Robert- 
son obtained  from  crude  opium  11  ^^  per  cent  of  dry  muriate 
of  morphia. 

My  coUeague,  Dr.  A.  T.  Thomson  is  in  the  habit  of  decom- 
posing the  aqueous  solution  of  opium  by  muriate  of  baryta, 
employing  a  quantity  of  that  salt  exactly  sufficient  for  preci- 
pitating the  meoonic  acid.  The  muriates  of  morphia  and 
narcotine  are  then  separated  by  crystallization. 

Acetate  of  morphia,  though  till  lately  much  employed  in 
medical  practice,  is  less  convenient  for  that  purpose  than  the 
muriate,  being  variable  in  constitution.  To  procure  it  in  the 
solid  state,  it  must  be  evaporated  to  dryness,  and  in  this  pro* 
cess  some  of  its  acid  is  usually  expelled*  It  is  deliquescent, 
and  is  hence  with  difficulty  preserved  in  a  constant  state  of 
dryness;  and  when  neutral  it  is  decomposed  by  water, 
whereby  part  of  the  morphia  is  rendered  insoluble.  In  fiict 
the  best  mode  of  employing  the  aceti^  is  to  dissolve  given 
weights  of  morphia  in  dilute  acetic  add,  and  preserve  it  in 
that  form,  taking  care  that  the  acid  is  in  excess.  The  baab 
of  Battley^s  sedative  liquor  is  supposed  to  be  acetate  of 
morphia. 

Meconic  Acid. — ^This  acid,  so  named  from  MiyxM^  poppy, 
was  procured  by  Robiquet  from  the  magnesian  precipitate 
obtained  in  his  process,  after  the  morphia  had  been  separated 
from  it.  The  meconate  of  magnesia  is  dissolved  in  dilute 
aulphuric  add,  and  muriate  of  baryta  is  then  added,  which 
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Tld*  acid  is  commonly  extracted  from  gum  beniohi.  One 
method  cooaista  in  besting  the  benzoin  in  an  esrthen  pot,  over 
which  is  placed  a  cone  of  paper  to  receive  the  add  as  it  Eub> 
limea ;  but  lince  the  product  is  always  impure,  owing  to  the 
picaence  of  empyreumatic  oil*  it  is  better  to  extract  the  acid 
by  means  of  an  alkali.  The  usual  process  consists  in  boiling 
finely  powdered  gum  benzoin  in  a  large  quantity  of  water 
along  with  lime  or  carbonate  of  potash,  by  which  means 
a  benzoate  is  formed.  To  the  solution,  after  bang  filtered 
and  concentrated  by  evaporation,  muriatic  acid  is  added, 
which  unites  with  the  base,  and  throws  down  the  bensoie 
add.  It  is  then  dried  by  a  gentle  heat,  and  purified  by  sub- 
limation. 

Benzoic  add  has  a  sweet  and  aromatic  rather  than  a  aour 
taste ;  but  it  reddens  litmus  paper,  and  neutralizes  alkalies. 
It  fuses  readily  by  heat,  and  at  a  temperature  a  little  above 
its  point  of  fusion  it  is  converted  into  vapour,  emitting  a 
peculiar,  fragrant,  and  highly  characteristic  odour,  and  coiw 
densing  on  cool  surfaces  without  change.  When  strongly 
heated,  it  takes  fire,  and  bums  with  a  clear  yellow  flames  It 
undergoes  bo  change  by  exposure  to  the  air.  and  is  not  d^ 
composed  by  the  action  even  of  nitric  add.  It  requires  about 
24  parts  of  boiling  water  for  solution,  and  nearly  the  whtde 
of  it  is  deposited  on  cooling  in  the  form  of  minute  adcular 
crystals  of  a  silky  lustre.     It  is  very  soluble  in  alci^ol,  espe- 
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of  muriate  of  ammonia  as  long  as  ammonia  escapes:  the 
morphia  at  a  boiling  temperature  decomposes  the  muriate  of 
ammonia,  and  the  resulting  muriate  of  morphia  is  of  course 
dissolved;  while  all  the  narcotine  is  left  in  a  pulverulent 
form.  Other  salts  of  morphia  may  be  made  in  like  manner 
by  employing  a  corresponding  salt  of  ammonia.  This  fact, 
of  the  decomposition  of  ammoniacal  salts  by  morphia,  is  due 
to  M.  Buisson,  who  finds  that  the  vegetable  alkalies  in  ge- 
neral possess  the  same  property  at  a  high  temperature. 

Pure  narcotine  is  insoluble  in  cold  and  very  slightly  soluble 
in  hot  water.  It  dissolves  in  oil,  ether,  and  alcohol,  the 
latter,  though  diluted,  acting  as  a  solvent  for  it  by  the  aid  of 
heat.  It  does  not  possess  alkaline  properties,  though  it  is 
rendered  soluble  in  water  by  means  of  an  add.  Its  presence 
in  an  aqueous  solution  of  opium  seems  owing  to  a  free  acid, 
which  Robiquet  imagines  to  be  di£Perent  from  the  meoonic 
According  to  Liebig  the  elements  of  narcotine  are  in  the 
ratio  of  carbon  65,  hydrogen  5*5,  nitrogen  2*51,  and  oxygen 
26*99*  As  the  number  which  represents  an  equivalent  of 
narcotine  is  unl^nown,  we  possess  insuflSdent  data  for  specu* 
lating  about  its  atomic  constitution. 

The  unpleasant  stimulating  properties  of  opium  are  attri- 
buted by  Magendie  to  the  presence  of  narcotine,  the  ill  effects 
of  which,  according  to  the  experiments  of  the  same  physiolo^ 
gist,  are  in  a  great  degree  counteracted  by  acetic  add.  It 
seems  from  subsequent  observation  that  the  activity  of  narccv 
tine  has  been  over-rated ;  but  it  must  be  admitted  that  pure 
morphia  acts  far  more  agreeably  and  safely  than  when  nar- 
cotine is  present. 

CINCHONIA   AND   QUINA. 

The  existence  of  a  distinct  vegetable  prindple  in  dnchona 
bark  was  inferred  by  Dr.  Duncan,  junior,  in  the  year  1803» 
who  ascribed  to  it  the  febrifuge  virtues  of  the  plant,  and  pro- 
posed for  it  the  name  of  cinchonin.*  Dr.  Oomez  of  Lasboo, 
whose  attention  was  directed  to  the  subject  by  the  researches 
of  Dr.  Duncan,  succeeded  in  procuring  cinchonin  in  a  sepa- 
rate state;  but  its  alkaline  nature  was  first  discovered  in  1890 
by  Pelletier  and  Caventou.     It  has  been  fully  established  by 

•  Edinburgh  New  Dispensatory,  11th  edit.  p.  299.  or  Nicholson's  Journal  for 
1803. 
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served  tor  a  long  time  without  change.  With  lime  water  it 
gives  ft  browDisb-green  precipitate,  which  is  redissolved  by 
an  excess  of  the  alkali,  and  acquires  a  reddish  tint.  It  is  dis- 
tinguished from  tannin  by  causing  no  precipitate  in  a  solu- 
tion of  gelatine.  With  a  salt  of  the  protoxide  of  iron,  it  pro- 
duces scarcely  any  change;  but  with  a  persalt  of  iron  it 
strikes  a  beautiful  dark  blue  colour,  which  is  the  basis  of  ink, 
and  distinguishes  gallic  acid  from  every  other  substance  ex- 
cept tannin.     The  composition  of  gallic  acid  is  unknown. 

The  salts  of  gallic  acid,  called  gallates,  have  been  imper- 
fectly examined.  The  gallates  of  potash,  soda,  and  ammonia, 
are  soluble  in  water ;  but  most  of  the  other  gallates  are  of 
sparing  solubility.  On  this  account  many  of  the  metallic  so> 
lutions  are  precipitated  by  gallic  acid. 

PyrogalUc  Acid. — One  of  the  processes  by  which  it  has 
been  usual  to  prepare  gallic  acid  is  by  sublimation.  The  im- 
pure acid  obtained  from  the  gall-nut  is  exposed  to  a  tempera- 
ture of  about  350°  F.,  when  the  mass  enters  into  fusion,  and 
a  volatile  matter  passes  over,  which  condenses  on  cool  sur- 
faces in  the  form  of  delicate  long  scaly  crystals :  they  are  co- 
lourless when  the  process  is  conducted  at  a  gentle  tempera- 
ture, but  are  soiled  with  a  dark  oily  matter  when  the  heat  is 
too  high.  The  distillation  is  conveniently  performed  ia  a 
wide-mouthed  flask  closed  with  an  inverted  cone  of  paper,  or 
in  en  earthen  capsule  covered  by  a  vessel  of  the  same  kind. 
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alkali  is  dissolved  by  alcohol  or  aB  add,  the  tntternen  is  very 
powerful,  and  accompanied  by  the  flavour  of  cinchona  back* 
Its  alkaline  properties  are  exceedingly  well  marked,  sinoe  it 
neutralizes  the  strongest  adds.  The  sulphate,  muriate^  ni- 
trate, and  acetate  of  dnchonia  are  soluble  in  water,  and  the 
sulphate  crystallizes  in  very  short  six-sided  prisms  derived 
from  an  oblique  rhomboidal  prism.  It  commonly  occun.  in 
twin  crystals.  The  neutral  tartrate,  oxalate,  and  gallate  of 
cinchonia,  are  insoluble  in  cold,  but  may  be  dissolved  by  hot 
water,  or  by  alcohol. 

Quina  or  Quinine^  which  was  diaoovered  by  Pelletier  and 
Caventou,  does  not  crystallize  like  dnchonia  when  predpi- 
tated  from  its  solutions;  but  it  has  a  white,  porous,  and 
rather  fiocculent  aspect.  It  is  very  soluble  in  alcohol,  form- 
ing a  solution  which  is  intensely  bitter,  and  possesses  a  dis- 
tinct alkaline  reaction.— Ether  likewise  dissolves  it,  but  it  is 
almost  insoluble  in  water.  Its  febrifuge  virtues  are  more 
powerful  than  those  of  dnchonia,  and  it  is  now  extensively 
employed  in  the  practice  of  medicine. 

The  equivalent  of  quina,  lately  estimated  from  the  analy- 
sis of  the  sulphate  by  Liebig,  is  about  171*6 ;  and  it  is  pro- 
bable from  the  composition  of  the  muriate  that  this  estimate 
is  not  far  from  the  truth.     The  alkali  itself  consists  of. 


Liebig. 

Pelletier  &  Dumai . 

Theoretkally. 

Carbon    .    76-76 

76-02 

129 

• 

21  i  eq. 

Hydrogen      7*62 

6-66 

12 

• 

12    eq. 

Nitrogen        811 

8-45 

14 

• 

1    eq. 

Oxygen          8-61 

10-43 

16 
172 

• 

2    eq. 

10000 

100-66 

The  most  important  of  the  salts  of  quina  is  the  sulphate, 
which  is  made  in  large  quantity  for  medical  purposes.  This 
compound  crystallizes  in  delicate  white  needles,  baring  the 
appearance  of  amianthus,  has  a  very  bitter  taste,  and  is  less 
soluble  in  water  than  sulphate  of  cinchonia*  It  is  finedy  dis- 
solved by  boiling  alcohol.  Though  neutral  to  test  paper,  it 
appears  in  composition  to  be  a  di-sulphate ;  for  when  fully 
dried  at  248°  it  contains  343*2  parts  or  2  equivalents  of 
quina,  40  parts  or  1  equivalent  of  sulphuric  add,  and  18 
parts  or  2  equivalents  of  water,  which  water  cannot  be  ex- 
pelled without  decomposing  the  salt  itself. 
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The  atomic  wdgfat  of  jucdaic  and,  deduced  from  the  com- 
poiiiioo  of  succinate  of  iron  and  of  lead  by  Thomson  and 
Benelius,  is  50 ;  and  according  to  the  aaalyiia  of  succinate 
<rf  lead  by  Berieliua,  which  has  lately  been  confirmed  by 
Lic^Hg  and  Wohler,  this  add  is  inferred  to  condBt  of 

Carbon  .  34         .         or  4  equivalents. 

Oxygen  24  or  3  equivalents. 

Hydrogm  2         .         or  S  equivalent*. 


It  hence  diffnra  in  composition  from  acetic  acid  tmly  in  con* 
taining  one  equivaloit  less  of  hydrogen. 

Camphoric  Acid.— Tbia  compound  has  not  hitherto  been 
found  io  any  plant,  and  is  procured  only  by  digesting  cam* 
phor  for  a  considerable  time  in  a  large  excess  of  nitric  acid. 
As  the  BolutioQ  cools,  the  camphoric  add  separates  out  in 
crystala ;  but  it  appears  from  some  observations  of  Lielug 
that  so  long  as  it  contains  the  odour  of  camphor,  as  it  is  apt 
to  do,  its  freedom  from  that  substance  is  incomplete,  and  it 
requires  renewed  digestion  with  nitric  acid.  It  is  sparingly 
soluble  in  water,  fuses  at  145°,  and  sublimes  at  a  temperature 
by  no  means  elevated.  Its  taste  is  rather  bitter,  and  when 
quite  pure  has  probably  no  odour.  It  reddens  litmus  paper, 
and  combines  with  alkaline  bases,  forming  salts  which  are 
called  camphorates:  those  with  the  alkalies  are  very  soluble 
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as  modifications  of  these  alkalies*  One  in  particular  he  has 
called  Chinoidea.  The  observations,  however,  appear  to  be 
erroneous ;  the  mistake  was  occasioned  by  the  properties  of 
the  well-known  alkalies  being  obscured  by  adhering  impurity. 
(Journal  of  Science,  vii*  432.) 

STRYCHN I  A. — BRUCIA. 

Strychnia. — Strychnia  was  discovered  in  1818  by  Pelletier 
and  Caventou  in  the  fruit  of  the  Strychnos  ignatia  and 
Strychnos  nux  vomica^  and  has  since  been  extracted  by  the 
same  chemists  from  the  Upas.     (An.  de  Ch.  et  de  Ph.  x.  and 

xxvi.) 

The  most  economical  process  for  preparing  this  alkali  is 
that  recommended  by  M.  Gorriol.  (Journal  de  Pharmade  for 
October  1826,  p.  492.)  It  consists  in  treating  nux  vomica 
with  successive  portions  of  cold  water,  evaporating  the  solu- 
tion  to  the  consistence  of  syrup,  and  precipitating  the  gum, 
which  is  present,  by  alcohol.  The  alcoholic  solution  is  then 
evaporated  to  the  consistence  of  an  extract  by  the  beat  of  tt 
water-bath.  The  extract,  which  consists  almost  entirely  of 
igasurate  of  strychnia,  is  dissolved  by  cold  water,  and  by  this 
means  deprived  of  a  little  fatty  matter,  which  had  ori^nally 
been  dissolved,  probably  through  the  medium  of  the  gum. 
The  solution  is  next  heated,  and  the  strychnia  precipitated 
by  a  slight  excess  of  lime  water,  and  then  dissolved  by  boiling 
alcohol.  On  evaporating  the  spirit,  the  alkali  is  obtained 
pure  except  in  containing  a  little  bruda  and  colouring  matter, 
both  of  which  are  effectually  removed  by  maceration  in  dilute 
alcohol. 

Strychnia  is  very  soluble  in  boiling  alcohol,  and  is  procured 
in  minute  four-sided  prisms  by  allowing  the  solution  to  evapo- 
rate spontaneously.  In  this  state  it  is  anhydrous.  It  is 
almost  insoluble  in  water,  requiring  more  than  6000  parts  of 
cold  and  2600  of  boiling  water  for  solution ;  but  notwith- 
standing its  sparing  solubility,  it  excites  an  insupportable 
bitterness  in  the  mouth. — Water  containing  only  l-600,000th 
of  its  weight  of  strychnia  has  a  bitter  taste.  It  has  a  distinct 
alkaline  reaction,  and  neutralizes  acids,  forming  salts,  most  of 
which  are  soluble  in  water.  It  is  united  in  the  nux  vomica 
and  St.  Ignatius^s  bean  with  igasuric  acid.  (Page  757.)  By 
the  action  of  strong  nitric  acid  it  yields  a  red  colour ;  but  it 
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Buletic  Acid  was  discovered  by  M.  Braconnol,  in  the  juice 
of  the  Bolettu  pteudo-igniariux.  As  it  is  a  compound  of  do 
importttDce,  I  refer  the  reader  to  the  origiDol  paper  for  an 
account  of  it.     (Annals  of  Phil.  vol.  ii.) 

Igaturic  Acid. —  Pelletier  and  Caventou  have  proposed 
this  name  for  the  acid  which  occurs  in  combination  with 
strjcLnia  in  the  nux  vomica  and  St.  Ignatius's  bean.  It 
may  be  conveniently  obtained  by  adding  acetate  of  lead  to  the 
aqueous  solution  of  dux  vomica  prepared  as  in  the  prepara- 
tion of  strychnia,  when  the  igaaurate  of  lead  subsides:  the 
precipitate,  after  being  washed,  is  put  into  water  and  decom- 
posed by  acurrent  of  sulphuretted  hydrogen  gas.  The  solu- 
tion of  igasuric  acid  is  then  separated  from  sulphuret  of  lead 
by  filtration,  and  may  be  purified  either  by  digestion  with 
animal  charcoal,  from  which  phosphate  of  lime  has  been  re< 
moved  by  an  acid,  or  by  a  second  precipitation  with  acetate 
of  lead.  On  concentrating  the  purified  solution  to  the  coo- 
sistence  of  thin  syrup,  and  placing  it  in  a  warm  situation,  the 
acid  separates  in  crystals  which  are  commonly  indistinct  in 
their  form. 

Igasuric  acid  forms  soluble  salts  with  the  alkalies,  baryta, 
iron,  silver,  and  mercury.  With  oxide  of  lead,  lime,  and 
magnesia  it  yields  sparingly  soluble  compounds ;  but  the  two 
latter  are  dissolved  by  hot  water.  With  sulphate  of  copper 
it  occasions  either  immediately  or  after  a  short  interval,  s 


776  STRYCHNIA. 

as  modifications  of  these  alkalies.  One  in  particular  he  has 
called  Chinoidea.  The  observations,  however,  appear  to  be 
erroneous ;  the  mistake  was  occasioned  by  the  prcqiertxes  of 
the  well-known  alkalies  being  obscured  by  adhering  impurity. 
(Journal  of  Science,  vii.  432.) 

STRYCHNIA. BRUCIA. 

« 

Strychnia. — Strychnia  was  discovered  in  1818  by  Felletier 
and  Caventou  in  the  fruit  of  the  Strychno$  ignatia  and 
Strychnos  nux  vomica^  and  has  since  been  extracted  by  the 
same  chemists  from  the  Upas.     (An.  de  Gh.  et  de  Ph.  x.  and 

xxvi.) 

The  most  economical  process  for  preparing  this  alkali  is 
that  recommended  by  M.  Corriol.  (Journal  de  Phannacie  for 
October  1836,  p.  492.)  It  consists  in  treating  nux  vomica 
with  successive  portions  of  cold  water,  evaporating  the  solu- 
tion to  the  consistence  of  syrup,  and  precipitating  the  gum, 
which  is  present,  by  alcohol.  The  alcoholic  solution  is  then 
evaporated  to  the  consistence  of  an  extract  by  the  beat  of  a 
water-bath.  The  extract,  which  consists  almost  entirely  of 
igasurate  of  strychnia,  is  dissolved  by  cold  water,  and  by  this 
means  deprived  of  a  little  fatty  matter,  which  had  originally 
been  dissolved,  probably  through  the  medium  of  the  gum. 
The  solution  is  next  heated,  and  the  strychnia  precipitated 
by  a  slight  excess  of  lime  water,  and  then  dissolved  by  boiling 
alcohol.  On  evaporating  the  spirit,  the  alkali  is  obtained 
pure  except  iii  containing  a  little  brucia  and  colouring  matter, 
both  of  which  are  eifectuaUy  removed  by  maceration  in  dilute 
alcohol. 

Strychnia  is  very  soluble  in  boiling  alcohol,  and  is  procured 
in  minute  four-sided  prisms  by  allowing  the  solution  to  evapo- 
rate spontaneously.  In  this  state  it  is  anhydrous.  It  is 
almost  insoluble  in  water,  requiring  more  than  6000  parts  of 
cold  and  2500  of  boiling  water  for  solution;  but  notwith- 
standing its  sparing  solubility,  it  excites  an  insupportable 
bitterness  in  the  mouth. — Water  containing  only  l-6()0,000th 
of  its  weight  of  strychnia  has  a  bitter  taste.  It  has  a  distinct 
alkaline  reaction,  and  neutralizes  acids,  forming  salts,  most  of 
which  are  soluble  in  water.  It  is  united  in  the  nux  vomica 
and  St.  Ignatius^s  bean  with  igasuric  acid.  (Page  757.)  By 
the  action  of  strong  nitric  acid  it  yields  a  red  colour ;  but  it 
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Meeonic  Aeidj  which  ia  combined  with  morphia  in  opium, 
will  be  moat  coDTeniently  described  in  the  following  section. 

Peelk  Aeid.—TiaB  tubBtoBce,  distinguished  by  its  remarid. 
able  tendency  to  geUtiniie,  a  property  from  which  its  name 
is  derived  (from  wj^ttn,  coagulum),  was  originally  described 
by  BrMonnot ;  and  it  has  since  been  examined  by  the  late 
celebrated  Vauquelin.  (An.  de  Ch.  et  Fb.  xzviiL  173,  and 
xIl  46.)  Braconnot  believed  it  to  be  presoit  in  all  plantst 
but  he  extracted  it  chiefly  from  the  carrot.  Few  this  purpoM^ 
tbe  carrot  is  made  into  a  pulp,  the  juice  is  expreswd,  and  the 
solid  part  well  washed  with  distilled  water.  It  is  then  boiled 
for  about  ten  minutes  with  a  very  dilute  scdutitm  of  pure 
potash,  Of  as  Vauquelin  advised,  with  IncarlKHiate  c^  potash 
in  the  ratio  of  5  parts  to  100  of  the  washed  pulp,  and  muriate 
of  lime  is  added  to  the  filtered  liquor.  The  precipitate,  cod> 
aistiog  of  pectic  acid  and  Ume,  is  well  washed,  and  the  lime 
removed  by  water  acidulated  with  muriatic  acid. 

Pectic  add,  as  thus  procured,  is  in  the  form  (^  jelly.  It 
is  insoluble  in  cold  water  and  acids,  and  nearly  so  in  btHling 
water.  It  has  a  slight  acid  reaction,  and  a  feeble  neutralising 
power  with  alkalies,  with  which  it  forms  soluble  compounds. 
Tbe  earthy  pectates  are  very  insoluble,  and  on  this  account, 
in  preparing  pectic  acid,  pure  water  must  be  used;  for  the 
process  always  £sils,  when  water  containing  earthy  salts  is 
employed. 
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Liebig.  Pdktier  &  Dwwm.  TliMetaAy. 

Carbon                7088  .       7604  .  198  •  33  eq. 

Hydrogen     .        666  .        6«62  .  18  .  18  eq. 

Nitrogen       .         6-07  .         722  .  14  .  1  eq. 

Oxygen         .      1739  .      1121  .  4*  .  6  eq. 
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VERATRIA^  EMETIA,  PICROTOXIA,   SOLANIA,  DELPHIA,  &C. 

Veratfia. — The  medicinal  properties  of  the  seeds  of  the  Fe- 
ratrum  sabadilla,  and  of  the  root  of  the  Verairum  album  or 
white  hellebore,  and  Colckicum  auiumnale  or  meadow  saffron, 
are  owing  to  the  peculiar  alkaline  principle  veratria^  whidi 
was  discovered  by  Pelletier  and  Caventou  in  1819.  (Joum. 
de  Pharm.  vi.)  To  a  decoction  of  the  bruised  seeds  of  the 
Yeratrum  sabadilla  add  acetate  of  lead  as  long  as  a  precipi- 
tate falls,  by  which  means  extractive  matter  is  thrown  down : 
the  filtered  solution  is  deprived  of  lead  by  sulphuretted  hy- 
drogen, the  excess  of  the  gas  expelled  by  beat,  and  the  solu- 
tion boiled  with  magnesia  or  slaked  lime  until  it  is  rendered 
alkaline.  The  precipitate  collected,  dried,  and  boiled  in  al- 
cohol, yields  a  solution  of  veratria,  which  may  be  decolorized 
by  digestion  with  animal  charcoal,  and  be  obtained  by  evapo- 
ration in  a  solid  state.  It  may  be  obtained  from  the  roots  of 
the  two  other  plants  by  a  similar  process.  This  alkali,  which 
appears  to  exist  in  those  plants  in  combination  with  gallic 
acid,  is  white  and  pulverulent,  inodorous,  and  of  an  acrid 
taste.  It  requires  1000  times  its  weight  of  boilings  and  still 
more  of  cold  water  for  solution.  It  is  very  soluble  in  alcoboly 
and  may  also  be  dissolved,  though  less  readily,  by  means  of 
ether.  It  has  an  alkaline  reaction,  and  neutralizes  adds; 
but  it  is  a  weaker  base  than  morphia,  quina,  or  strychnia. 
It  acts  with  singular  energy  on  the  membrane  of  the  nose, 
exciting  violent  sneezings  though  in  very  minute  quantity. 
When  taken  internally  in  very  small  doses,  it  produces  ex- 
cessive irritation  of  the  mucous  coat  of  the  stomach  and  intes- 
tines ;  and  a  few  grains  were  found  to  be  fatal  to  the  lower 
animals. 

Veratria,  according  to  the  analysis  of  Pelletier  and  Dumas, 
consists  of  66*75  of  carboui  19*6  of  oxygen,  8*54  of  hydrogen, 
and  5*04  of  nitrogen. 
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cording  to  the  annlysis  of  Omelin,  the  discoverer  of  croconic 
acid,  it  consists  solely  of  carbon  and  oxygen  io  the  ratio  of 
5  equivalents  of  carbon  and  4  equivalents  of  oxygen ;  and  as 
its  equivalent  is  62  (30+33),  it  may  be  presumed  that  the 
acid  is  generated  by  the  direct  union  of  4  atoms  of  one  ele- 
ment with  5  of  the  other.  From  this  it  appears  that  the  pro- 
duction of  croconic  acid  depends  on  the  deoxidizing  agency  of 
potassium  exerted  on  the  carbonic  oxide.  It  hence  appears 
that  chemists  are  acquainted  with  four  compounds  of  car- 
bon and  oxygen,  which  may  be  expressed  by  the  fonnuhe 
5C+40,  C+0,  2C+30,  and  C+20. 

Cahicic  Acid. — This  acid,  discovered  by  M.M.  Fran^tns, 
Caventou,  and  Pelletier,  is  the  bitter  principle  of  the  bark  of 
the  caincB  root,  a  Brazilian  shrub  which  is  employed  for  the 
cure  of  intermittent  fever.  (Joitm.  de  Pharm.  xvi.  465.) 
This  new  principle  crystallizes  in  delicate  white  needles  ar- 
ranged in  tufts  like  muriate  of  morphia,  has  a  remarkably 
bitter  taste,  and  an  acid  reaction.  It  is  sparingly  soluble  in 
water  and  ether,  hut  is  abundantly  dissolved  by  alcohol,  espe- 
cially when  heated.  It  unites  with  the  alkalies  forming  sdu- 
ble  salts  which  do  not  crystallize,  and  from  which  acids  throw 
down  caincic  acid.  It  forms  soluble  neutral  salts  with  baryta 
and  lime,  but  the  caincate  of  lead,  and  the  sub-caincate  of 
lime  is  insoluble  in  water.  It  is  decomposed  by  the  concen- 
trated mineral  acids  ;  and  the  muriatic,  even  in  the  cold,  con- 
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It  is  soluble  in  alcohcd,  and  the  hot  saturated  sotutioii  in 
cooling  yields  colourless  prismatic  crystals  of  a  line  in  length. 
By  spontaneous  evaporation  fine  laminae  are  formed.  It  is 
likewise  soluble  in  ether,  but  very  sparingly  in  water.  It  is 
insipid  and  inodorous ;  but  when  dissolved  by  acids  or  alcohol 
it  4s  very  bitter.  Its  solution  has  an  alkaline  reaction,  and  it 
neutralizes  adds.  Cold  dilute  nitric  acid  dissolves  it  and 
yields  a  colourless  solution ;  but  when  heated  it  acquires  a 
red  tint,  and  becomes  blood-red  when  concentrated.  Its  salts 
are  precipitated  by  potash,  pure  or  carbonated,  and  by  infu- 
sion of  gall-nuts.  The  precipitate  is  white  when  the  solutioD 
is  dilute,  and  grayish  yellow  if  concentrated.  (Phil.  Mag. 
and  An.  iv.  153.) 

Solania. — The  active  principle  of  the  Solanum  dulcamara^ 
or  woody  nightshade,  was  procured  in  a  pure  state  by  Des- 
fosses ;  and  the  same  alkali  exists  in  other  species  of  so/aimm. 
Solania  is  combined  in  the  plant  with  malic  add,  and  is  thrown 
down  of  a  gray  colour  by  ammonia  from  the  expressed  and 
filtered  juice  of  the  ripe  berries.  After  bdng  well  washed 
and  dried,  it  is  purified  by  solution  in  hot  alcohol,  from  which 
by  slow  evaporation  it  is  deposited  as  a  white  powder  with  a 
pearly  lustre.  It  is  insoluble  in  cold  water,  and  requires 
8000  times  its  weight  of  hot  water  for  solution.  Alcohol  is 
its  proper  menstruum :  it  is  sparingly  dissolved  by  ether,  and 
is  insoluble  in  oil.  It  has  a  distinct  alkaline  reaction,  and 
with  acids  forms  neutral  salts,  which  have  a  bitter  taste. 
(Journ.  de  Pharm.  vi.  and  vii.) 

Cynopia. — Professor  Ficinus  of  Dresden  has  discovered  a 
new  alkali  in  the  JEthusa  Cynapium^  or  lesser  hemlock,  to 
which  he  has  given  the  name  of  Cynopia.  It  is  crystallisable, 
and  soluble  in  water  and  alcohol,  but  not  in  ether.  The 
crystals  are  in  the  form  of  a  rhombic  prism,  which  is  also 
that  of  the  crystals  of  the  sulphate. 

De/pAui.— This  substance  was  discovered  about  the  same 
time  by  Feneuille  and  Lassaigne  in  France,  and  Brandes  in 
Germany,  in  the  seeds  of  the  Delphinium  Siaphysagria  or 
Stavesacre.  It  is  easily  prepared  by  digesting  the  seeds  in 
water  addulated  with  sulphuric  add,  and  precipitating  by 
magnesia  or  other  alkaline  substance.  It  is  then  purified  in 
the  usual  manner  by  solution  in  alcohol  and  digestion  with 
animal  charcoal.     It  is  left  by  eva|K>ratiott  as  a  white  crystal* 
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Boletic  Acid  was  discovered  by  M.  Braconnot,  in  the  juice 
of  the  Boletus  puudo-igniariiu.  As  it  is  a  compound  of  no 
importance,  I  refer  the  reader  to  the  original  paper  for  an 
account  of  it.     (Annals  of  Phil.  vol.  ii.) 

Jgasuric  Acid. —  Pellelier  and  Caventou  have  proposed 
this  name  for  the  acid  which  occurs  in  combination  with 
strychoia  in  the  nux  vomica  and  St.  Ignatius's  bean.  It 
may  be  conveuiently  obtained  by  adding  acetate  of  lead  to  the 
aqueous  solulioo  of  nux  vomica  prepared  as  in  the  prepara- 
tion of  strychnia,  when  the  igasurate  of  lead  subsides:  the 
precipitate,  after  being  washed,  is  put  into  water  aud  decom- 
posed by  a  current  of  sulphuretted  hydrogen  gas.  The  solu- 
tion of  igasuric  acid  is  theo  separated  from  sulphuret  of  lead 
by  filtration,  and  may  be  puriGed  either  by  digestion  with 
animal  charcoal,  from  which  phosphate  of  lime  has  been  re- 
moved by  an  acid,  or  by  a  second  precipitation  with  acetate 
of  lead.  On  concentrating  the  purified  solution  to  the  con- 
sistence of  thin  syrup,  and  placing  it  in  a  warm  situation,  the 
acid  separates  in  crystals  which  are  commonly  indistinct  in 
their  form. 

Igasuric  acid  forms  soluble  salts  with  the  alkalies,  baryta, 
iron,  silver,  and  mercury.  With  oxide  of  lead,  lime,  and 
magnesia  it  yields  sparingly  soluble  compounds ;  but  the  two 
latter  arc  dissolved  by  hot  water.  Willi  sulphate  of  copper 
i  either  immediately  or  after  a  short  interval,  a 
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SECTION  III. 

SUBSTANCES  WHICH,  IN  RELATION  TO  OXYGEN,  CONTAIN 

AN  EXCESS  OF  HYDROGEN. 

OILS. 

Oils  are  characterized  by  a  peculiar  unctuous  feel,  bj  in- 
flammability,  and  by  insolubility  in  water.  They  are  divided 
hito  the  fixed  and  volatile  oils,  the  former  of  which  are  com- 
paratively fixed  in  the  fire,  and  therefore  give  a  permanently 
greasy  stain  to  paper ;  while  the  latter,  owing  to  their  vola- 
tility, produce  a  stain  which  disappears  by  gentle  heat. 

Fixed  0J&.-»— The  fixed  <h1s  are  usually  contained  in  the 
seeds  of  plants,  as  for  example  in  the  almond,  linseed,  rape^ 
seed,  and  poppy-seed ;  but  oliveoil  is  extracted  from  the  pulp 
which  surrounds  the  stone.  They  are  procured  by  bruising 
the  seed,  and  subjecting  the  pulpy  matter  to  pressure  in 
hempen  bags,  a  gentle  heat  being  generally  employed  at  the 
same  time  to  render  the  oil  more  limpid. 

Fixed  oils,  the  palm  oil  excepted,  are  fluid  at  common  tem- 
peratures, are  nearly  inodorous,  and  have  little  taste.  They 
are  lighter  than  water,  their  denrity  in  general  varying  from 
0*9  to  0*96.  They  are  commonly  of  a  yellow  colour,  but 
may  be  rendered  nearly  or  quite  colourless  by  the  action  of 
animal  charcoal.  At  or  near  the  tmnperature  of  600^  F., 
they  begin  to  boil,  but  sufiier  partial  decomposition  at  the 
same  time,  an  inflammable  vapour  being  disengaged  even  be- 
low 500^.  When  heated  to  redness  in  close  vessds  a  large 
quantity  of  the  combustible  compounds  of  carbon  and  hydro- 
gen are  formed,  together  with  the  other  products  of  the  de- 
structive distillation  of  v^;etable  substances ;  and  in  the  open 
air  thegr  bum  with  a  clear  white  light,  and  formation  of  water 
and  carbonic  add.  They  may  hoice  be  employed  for  the 
purposes  of  artificial  illumination,  as  well  in  lamps,  as  for  the 
manufacture  cf  gas. 

Fixed  oils  undergo  considoaUe  change  by  exposure  to  the 
air,  a  change  owing  to  the  action  of  oxygen,  and  which  has 
been  lately  examined  into  by  Saussure.  (An.  de  Ch.  et  Ph. 
xlix.  225.)  Olive  oil,  recently  expressed,  was  confined  over 
mercury  in  a  tube  full  of  oxygen  gas,  and  underwent  no 
appreciable  alteration  during  the  first  five  months,  abaorbing 
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Meeonic  Aeidf  which  is  comUned  with  morphU  is  t^um, 
will  be  moat  cooTeniendy  deocribed  in  the  fidlowing  tection. 

PeUie  Add. — ^Thia  lubetaitce,  distmgui«bed  hj  its  remarii- 
aUe  tendency  to  geUtinixe,  a  property  from  wldch  its  name 
i«  derived  (from  «vn''fi  coagulum),  was  originally  desctfliad 
by  Bracmnot ;  and  it  baa  since  be«t  examined  by  the  late 
celebrated  Yauquelia.  (An.  de  Ch.  et  Ph.  xxviii.  173,  and 
xli.  46.)  Braoonnot  believed  it  to  be  present  in  all  plants; 
but  he  extracted  it  chiefly  from  the  carrot.  For  this  purpoM» 
tbe  carrot  is  made  into  a  pulp,  the  juice  is  expressed,  and  the 
solid  part  well  washed  with  distilled  water.  It  is  then  boiled 
for  about  ten  minutes  with  a  very  dilute  solution  of  pure 
potash,  or  as  VauqueliD  advised,  with  IncarlKmate  at  potash 
in  the  ratio  of  5  parts  to  100  of  tbe  washed  pulp,  and  muriate 
of  Ume  is  added  to  tbe  filtered  liquor.  Tbe  precipitate,  coiw 
nsting  of  pectic  acid  and  lime,  is  well  washed,  and  the  lime 
removed  by  water  acidulated  with  muriatic  add. 

Pectic  add,  as  thus  procured,  is  in  the  form  (tf  jelly.  It 
is  insoluble  in  cold  water  and  adds,  and  nearly  so  in  boiling 
water.  It  has  a  slight  acid  reaction,  and  a  feeble  neutralizing 
power  with  alkalies,  with  which  it  forms  soluble  compounds. 
The  earthy  pectates  are  very  insoluble,  and  on  this  account* 
in  preparing  pectic  acid,  pure  water  must  be  used ;  for  the 
process  always  fiula,  when  water  containing  earthy  salts  if 
employed. 


784  OILS. 

stance  which  has  repeatedly  been  the  cause  of  extensive  fires 
in  warehouses  and  in  cotton  manufactories. 

Fixed  oils  do  not  unite  with  water,  but  they  may  be  per- 
manently suspended  in  that  fluid  by  means  of  mucilage  or 
sugar,  so  as  to  constitute  an  emulsion*  They  are  for  the 
most  part  very  sparingly  soluble  in  alcohol  and  ether.  Strong 
sulphuric  acid  thickens  the  fixed  oils,  and  forms  with  them  a 
tenacious  matter  like  soap;  and  they  are  likewise  rendered 
thick  and  viscid  by  the  action  of  chlorine.  Ckincentrated 
nitric  acid  acts  upon  them  with  great  energy,  giving  rise  in 
some  instances  to  the  production  of  flame. 

Fixed  oils  unite  with  the  common  metallic  oxides.  Of 
these  compounds,  the  most  interesting  is  that  with  oxide  of 
lead.  When  linseed  oil  is  heated  with  a  small  quantity  of 
litharge,  a  liquid  results  which  is  powerfully  drying,  and  is 
employed  as  oil  varnish.  Olive  oil  combined  with  half  its 
weight  of  litharge  forms  diachylon  plaster. 

The  fixed  oils  are  readily  attacked  by  alkalies.  With  am- 
monia, oil  forms  a  soapy  liquid  to  which  the  name  of  volatile 
liniment  is  applied.  The  fixed  alkalies,  boiled  with  oil  or  fat, 
give  rise  to  the  soap  employed  for  washing,  the  soft  inferior 
kind  being  made  with  potash,  and  the  hard  with  soda.  The 
chemical  nature  of  soap  has  of  late  years  been  elucidated  by 
the  labours  of  Chevreul.  This  chemist  has  found  that  fixed 
oils  and  fats  are  not  pure  proximate  principles,  but  consist  of 
two  substances,  one  of  which  is  solid  at  common  tempera- 
tures, while  the  other  is  fluid.  To  the  former  he  has  applied 
the  name  otstearine  from  (nrrAp,  suet,  and  to  the  latter  eldine 
from  tXcuovt  oil.  Stearine  is  the  chief  ingredient  of  suet, 
butter,  and  lard,  and  is  the  cause  of  their  solidity  ;  whereas 
oils  contain  a  greater  proportional  quantity  of  elaine,  and  are 
consequently  fluid.  These  principles  may  be  separated  from 
one  another  by  exposing  fixed  oil  to  a  low  temperature,  and 
pressing  it,  when  congealed,  between  folds  of  bibulous  paper. 
The  stearine  is  thus  obtained  in  a  separate  form;  and  by 
pressing  the  bibulous  paper  under  water,  an  oily  matter  is 
procured,  which  is  elaine  in  a  state  of  purity.  This  principle 
as  peculiarly  fitted  for  greasing  the  wheels  of  watches,  or 
other  delicate  machinery,  since  it  does  not^thicken  or  become 
rancid  by  exposure  to  the  air,  and  requires  a  cold  of  about 
20^  F.  for  congelation.    In  the  formation  of  soap  the  stearine 
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prism,  of  which  the  lateral  planes  only  appear  in  the  crys- 
tals. (Brooke.)  It  is  almost  wholly  ioeoluble  in  cdd,  aod 
to  very  small  extent  in  hot  water.  It  ia  soluble  in  strong 
alcohol,  especially  by  the  aid  of  heat.  In  its  pure  state  it 
has  scarcely  any  taste ;  but  when  rendered  soluble  by  com- 
bining with  an  acid  or  by  solution  in  alcohol,  it  is  intensely 
bitter.  It  has  an  alkaline  reaction,  and  combines  with  acid^ 
forming  neutral  salts,  which  are  far  more  soluble  in  water 
than  morphia  itself,  and  for  the  most  part  are  capable  of 
crystallizing. 

Strong  nitric  acid  decomposes  morphia,  forming  a  red  so- 
lutifMi,  which  by  the  continued  action  of  the  acid  acquires  a 
yellow  cnlour,  and  is  ultimately  converted  into  oxalic  acid. 
This  circumstance  was  first  noticed  hy  Pelletier  and  Ca- 
ventou ;  but  it  is  not  peculiar  to  morphia,  fiince  nitric  actd 
has  a  similar  effect  on  brucia. 

Morphia  is  the  narcotic  principle  of  opium.  When  pure, 
owing  to  its  insolubility,  it  is  almost  inert;  for  M.  Orfila 
gave  twelve  grains  of  it  to  a  dog  without  its  being  followed 
by  any  sensible  effect.  In  a  state  of  solution,  on  the  contrary, 
it  acts  on  the  animal  system  with  great  energy,  Sertuemer 
having  noticed  alarming  symptoms  from  so  small  a  quantity 
as  half  a  grain.  From  this  it  appears  to  follow  that  the  effects 
of  an  overdose  of  a  salt  of  morphia  may  be  prevented  by 
giving  a  dilute  solgtioD  of  ammonia,  or  an  alkaline  carbonate. 
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acid  and  hydrogen  gases  are  emitted  at  the  same  time.     This 
change  is  rendered  more  rapid  by  the  agency  of  light. 

OF  the  acids,  the  action  of  strong  nitric  acid  on  volatile  oils 
is  the  most  energetic,  being  often  attended  with  vivid  com* 
bpstion, — an  efPect  which  is  rendered  more  certain  by  previ- 
ously adding  to  the  nitre  a  few  drops  of  sulphuric  acid. 

Volatile  oils  do  not  unite  readily  with  metallic  oxides,  and 
are  attacked  with  difficulty  even  by  the  alkalies.  The  sub- 
stance called  Starkey^s  soap  is  made  by  triturating  oil  of  tur- 
pentine with  an  alkali. 

Volatile  oils  dissolve  sulphur  in  large  quantity,  forming  a 
deep  brown  coloured  liquid,  called  balsam  of  sulphur.  The 
solution  is  best  made  by  boiling  flowers  of  sulphur  in  spirit 
of  turpentine.  Phosphorus  may  likewise  be  dissolved  by  the 
same  menstruum. 

The  most  interesting  of  the  essential  oils  are  those  of  tur- 
pentine, carraway,  cloves,  peppermint,  nutmeg,  anise,  laven- 
der, cinnamon,  citron,  and  chamomile.  Of  these  the  most 
important  is  the  first,  which  is  much  employed  in  the  pre- 
paration of  varnishes,  and  for  some  medical  and  chemical  pur* 
poses.  It  is  procured  by  distiUing  common  turpentine;  and 
when  purified  by  a  second  distillation,  it  is  spirit  or  essence  of 
turpentine.  In  this  state  it  is  limpid  and  colourless,  may  be 
distilled  without  residue,  and  yields  a  dense  white  light  in 
burning.  Its  boiling  point  is  312^  F :  it  boils  indeed  slightly 
at  280°,  but  the  thermometer  is  not  stationary  until  it  reaches 
312°. 

Common  oil  of  turpentine  is  inferred  by  Dr.  Ure  to  condat 
of  14  equivalents  of  carbon,  1  of  oxygen,  and  10  of  hydro- 
gen.* According  to  M.  Houton  Labillardi&re,  the  purified 
oil  contains  no  oxygen,  and  is  composed  in  100  parts  of  car- 
bon 87'6,  and  of  hydrogen  12'4,'f  a  result  with  which  the 
analysis  of  Saussure  nearly  coincides.  But  Dr.  Oppermann 
states  that  even  purified  turpentine  oxidizes  potassium,  and 
contains  a  definite  proportion  of  oxygen.  It  is  not  improba- 
ble that  this  discordance  may  be  entirely  owing  to  a  d^rent 
mode  of  purifying  the  substance  analyzed. 

Camphor. — ^This  inflammable  substance,  which  in  several 
respects  is  closely  allied  to  the  essential  oils,   exists  ready 

*  Pbilosophical  Transactions  for  1822.  t  Journal  de  Pharxnacie,  toI.  ir. 


water  lo6t  by  heat  is  absorbed  from  the  atmosphere  as  the 
sulphate  cools.     Morphia  also  forms  a  bisiilphate. 

Muriate  of  morphia  may  be  generated  by  the  direct  act)<Hl 
of  muriatic  acid  gas  on  anhydrous  morphia ;  (Liebig,)  or  by 
dissolving  the  alkali  in  dilute  muriatic  acid.  It  commonly 
crystallizes  io  tufts  of  acicular  crystals,  which  are  neutral,  are 
anhydrous,  and  contain  an  equivalent  of  acid  and  of  base. 
Dr.  W.  Gregory  has  brought  this  salt  into  notice  by  describ> 
ing  a  mode  of  obtaining  it  in  a  pure  form,  and  adducing  the 
evidence  of  Dr.  Christison  in  proof  of  its  medical  virtues.  Its 
value  in  this  point  of  view  is  now  bo  generally  admitted,  that 
I  shall  give  its  mode  of  preparation  at  some  length  :  the  pro- 
cess to  be  described  is  an  imfHxivemeat  on  that  of  Dr.  Gregory 
by  Dr.  M.  Robertson.  (Edin.  Med.  and  Surg.  Journal,  Nos. 
107  and  111.)  The  object  of  the  process  alluded  to  is  to  ex- 
tract a  pure  muriate  of  morphia  from  an  aqueous  solution  of 
opium  without  the  aid  of  alcohol ;  and  it  consists  essentially 
of  two  parts,— 1,  in  decom poring  the  solution  by  some  mu- 
riate, the  base  of  which  forms  an  insoluble  compound  with 
meconic  acid,  by  which  means  on  insoluble  meconate  subsides, 
while  the  morphia  and  narcotine  unite  with  muriatic  acid  ;  and, 
St,  in  the  separation  of  muriate  of  morphia  in  crystals  from 
the  uncrystallisable  muriate  of  narcotine.  Muriate  of  lime  ia 
recommended  for  this  purpose ;  but  it  is  important  that  it 
should  be  free  from  iron,  that  it  should  be  neutral,  and  that 
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18  of  hydrogen,  and  1  equivalent  of  muriatic  add.  This  indi- 
cates a  compound  expressed  by  the  formula  (H  4-01)+ 6 
(3H-I-4C).     (An.  de  Ch.  et  Ph.  xlvii.  226.) 

Coumarin. — ^This  name  was  first  applied  to  the  odoriferous 
principle  of  the  Tonka  bean  by  M.  Guibourt,  and  has  dnce 
been  adopted  by  MM.  Boullay  and  Boutron-Charlard.  (Jour- 
nal de  Pharmacie  for  October,  1825.)  It  is  derived  from  the 
term  Coumarouna  odorata^  given  by  Stublet  to  the  plant 
which  yields  the  bean. 

Coumarin  is  white,  of  a  hot  pungent  taste,  and  distinct  aro- 
matic odour.  It  crystallizes  sometimes  in  square  needles,  and 
at  other  times  in  short  prisms.  It  is  moderately  hard,  frac- 
ture clean,  lustre  considerable,  and  density  greater  than  that 
of  water.  It  fuses  at  a  moderate  temperature  into  a  transpa- 
rent fluids  which  yields  an  opaque  crystalline  mass  on  cooling. 
Heated  in  close  vessels,  it  is  sublimed  without  change.  It  is 
sparingly  soluble  in  water ;  but  is  readily  dissolved  by  ether 
and  alcohol,  and  the  solutions  crystallize  by  spontaneous  eva- 
poration.    It  is  very  soluble  in  fixed  and  volatile  oils. 

Yogel  mistook  coumarin  for  benzoic  acid :  Boullay  and 
Boutron-Charlard  maintain  that  it  has  neither  an  add  nor 
alkaline  reaction,  and  that  it  is  a  peculiar  independent  princi- 
ple, nearly  allied  to  the  essential  oils.  These  chemists  did 
not  find  any  benzoic  acid  in  the  Tonka  bean,  and  consider 
coumarin  as  the  sole  cause  of  its  odour. 

RESINS. 

Resins  are  the  inspissated  juices  of  plants,  and  commonly 
occur  either  pure  or  in  combination  with  an  essential  ml. 
They  are  solid  at  common  temperatures,  brittle,  inodorous, 
and  insipid.  They  are  non-conductors  of  electricity,  and 
when  rubbed  become  negatively  electric.  They  are  generally 
of  a  yellow  colour,  and  semi-transparent. 

Resins  are  fused  by  the  application  of  heat,  and  by  a  still 
higher  temperature  are  decomposed.  In  close  vessels  they 
yield  empyreumatic  oil,  and  a  large  quantity  of  carburetted 
hydrogen,  a  small  residue  of  charcoal  remaining.  In  the  open 
air  they  bum  with  a  yellow  flame  and  much  smoke,  being 
solved  into  carbonic  acid  and  water. 

Resins  are  dissolved  by  alcohol,  ether,  and  the 
oils,  and  the  alcoholic  and  ethereal  solutions  are  precipitated 
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aod  boils  at  about  500°  F.  At  a  red  heat  resin  is  entirely 
decomposed,  yielding  a  large  quantity  of  combustible  gas, 
which  is  employed  for  the  purpose  of  artificial  illumination. 
(Page  380.) 

Considerable  uncertainty  prevails  as  to  the  composition  of 
common  resin,  as  will  appear  by  the  following  statement : — 


Gay-I.uisac  and  Tbenard. 

ThomsoD. 

Uic 

Carbon,             75944 

6315 

75-00 

Oxygen,            13-337 

25-26 

12-50 

Hydrogen,         10-719 

11-59 

12-60 

100000  10000  10000 

Amber. — This  substance  is  brought  chiefly  from  the  south- 
em  coast  of  the  Baltic,  occurring  sometimes  in  beds  of  bitu- 
minous wood,  and  at  others  on  the  shore,  being  doubtless 
washed  out  from  strata  of  brown  coal  by  the  action  of  water. 
Its  vegetable  origin  is  amply  attested  by  the  substances  with 
which  it  is  associated,  by  its  resinous  nature,  and  by  the  ve- 
getable matters  which  it  frequently  envelopes.  It  is  commonly 
met  with  in  translucent  pieces  of  various  shades  of  yellow  and 
brown  ;  but  it  is  sometimes  transparent.  Its  specific  gravity 
varies  from  1  -065  to  1*07.  It  may  be  regarded  as  a  mixture 
of  several  substances ;  namely,  a  volatile  oil,  succinic  add, 
separable  like  the  former  by  heat,  two  different  modifications 
of  resin  both  soluble  in  alcohol  and  ether,  and  a  peculiar 
bituminous  matter,  which  is  insoluble  in  both,  and  is  the 
most  abundant  principle  in  amber.     (Berzelius.) 

Balsams. — The  balsams  are  native  compounds  of  resin  and 
benzoic  acid,  and  issue  from  incisions  made  in  the  trees  which 
contain  them,  in  the  same  manner  as  turpentine  from  the  fir. 
Some  of  them,  such  as  storax  and  benzoin,  are  solid;  while 
others,  of  which  the  balsams  of  Tolu  and  Peru  are  examples, 
are  viscid  fluids. 

Gum  jRestns.— The  substances  to  which  this  name  is  ap{died 
are  the  concrete  juices  of  certain  plants,  and  consist  of  resin, 
essential  oil,  gum,  and  extractive  vegetable  matter.  The  two 
former  principles  are  soluble  in  alcohol,  and  the  two  latter 
in  water.  Their  proper  solvent,  therefore,  is  proof  spirit. 
Under  the  class  of  gum  resins  are  comprehended  several  va- 
luable  medicines,   such  as   aloes,  ammoniacura,  assafoetida* 
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the  Uboun  of  tboee  chemists  that  the  febrifuge  {xoperty  of 
boric  u  possessed  by  two  alkalies,  the  cinchonia  or  cuichonia 
of  Dr.  Duncan,  and  quins,  both  of  which  are  combined  with 
liinic  acid.  These  principles,  though  very  analt^us,  are 
distinctly  different,  standing  in  the  same  relation  to  each 
other  as  potash  and  soda.  The  former  exists  in  Cinchona 
condaminea,  or  pale  bark;  the  Utter  is  present  in  C.  cordif'o- 
iia,  or  yellow  bark ;  and  they  are  both  contained  in  C.  obhigU 
folia,  or  red  bark.  Pelletier  and  Caventou*  prepared  them 
by  digesting  the  bark  in  alcohol,  distilling  off  the  spirit,  and 
acting  upon  the  residue  with  dilute  muriatic  add ;  the  acid 
solution  was  then  boiled  with  magnesia,  as  in  the  method  <tf 
Robiquet  for  morphia,  the  precipitated  cinchonia  or  quina 
taken  up  by  hot  alcohol,  by  which  they  are  deposited  on 
evaporation.  A  cheaper  process  is  to  take  up  die  stduble 
parts  of  the  bark  by  hot  water  acidulated  with  muriatic  add, 
concentrate  the  Bolutitm,  and  then  digest  with  successively 
added  portions  of  slaked  lime,  until  the  liquid  is  distinctly 
alkaline.  The  precipitate  is  carefully  collected,  and  the  vege- 
t^le  alkali  separated  from  it  by  boiling  alcohol.  Slight  mo- 
llifications of  the  method  have  been  proposed  by  Badcrflier 
and  VOTeton.-f  From  one  pound  of  yellow  bark,  Voreton 
procured  80  grains  of  quina,  which  is  nearly  1-4  per  cent. 

The  combining  proportion  of  cinchonia,  estimated  by  Liebig 
from  the  composition  of  the  muriate,  is  about  160-4.    Itsele- 


792  WAX. 

that  the  wax  of  the  hoDey-comb  is  derived  from  flowers  only  ; 
but  it  appears  from  the  observations  of  Huber  that  it  must 
likewise  be  regarded  as  an  animal  product,  since  he  found 
bees  to  deposit  wax  though  fed  on  nothing  but  sugar.  Con* 
sistently  with  this  remark  it  has  been  proved  by  Oppermann 
that  pure  vegetable  wax  differs  from  bees-wax  in  the  ratio  of 
its  elements.     (An.  de  Ch.  et  Ph.  xlix.  240.) 

Common  wax  is  always  more  or  less  coloured,  and  has  a 
distinct  peculiar  odour,  of  both  which  it  may  be  deprived  by 
exposure  in  thin  slices  to  light,  air,  and  moisture,  or  more 
speedily  by  the  action  of  chlorine.  At  ordinary  temperatures 
it  is  solid,  and  somewhat  brittle;  but  it  may  easily  be  cut  with 
a  knife,  and  the  fresh  surface  presents  a  characteristic  appear- 
ance, to  which  the  name  of  waxy  lustre  is  applied.  Its  specific 
gravity  is  0*96.  At  about  150°  F.  it  enters  into  fusion,  and 
boils  at  a  high  temperature.  Heated  to  redness  in  dose  ves* 
sels  it  suffers  complete  decomposition,  yielding  products  very 
similar  to  those  which  are  procured  under  the  same  drcum- 
stances  from  oil.  As  it  burns  with  a  clear  white  Ughty  it  ia 
employed  for  forming  candles. 

Wax  is  insoluble  in  water,  and  is  only  sparingly  dissolved 
by  boiling  alcohol  or  ether,  from  which  the  greater  part  is 
deposited  on  cooling.  It  is  readily  attacked  by  the  fixed 
alkalies,  being  converted  into  a  soap  which  is  soluble  in  hot 
water ;  and  according  to  PfedF,  the  action  is  attended,  bb  in 
oils,  with  the  formation  of  an  acid,  to  which  the  name  of  eerie 
add  is  applied.  It  unites  by  the  aid  of  heat  in  every  propor- 
tion with  the  fixed  and  volatile  oils,  and  with  resin.  With 
different  quantities  of  oil  it  constitutes  the  simple  liniment, 
ointment,  and  cerate  of  the  pharmacopoeia. 

Wax,  according  to  the  observations  of  John,  consists  of  two 
different  principles,  one  of  which  is  soluble,  and  the  other  in- 
soluble in  alcohol.  To  the  former  he  has  given  the  name  of 
certVi,  and  to  the  latter  of  myricin.  It  has  been  thought  that 
these  principles  are  generated  in  the  wax  by  the  alcohol  used 
in  separating  them ;  but  the  opinion  of  John  is  supported  by 
a  fact  mentioned  to  me  by  Dr.  Christison,  namely,  that  the 
Buetty  matter  of  the  cinnamon  berry  consists,  with  the  excep- 
tion of  a  little  oil,  entirely  of  cerin,  without  any  myricin. 
From  the  ultimate  analysis  of  Dr.  Ure,  whose  result  oorre* 
sponds  closely  with  that  of  Gay-Lussac  and  Thenard,   100 
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The  neutral  gallate,  tartrate,  and  oxalate  of  quina,  like  the 
analogoua  salts  of  dndionia,  are  inaoluble  in  cold  water. 

From  the  new  faoti  which  have  been  ascertained  rdative  to 
the  coDitituentB  of  bark,  the  action  of  chemical  teats  cm  a  d». 
coction  of  this  substance  is  now  explicable.  According  to  the 
aoaljsis  of  Pelletier  and  Caventou,  the  different  kinds  of  Pe- 
ruTian  bark,  bendes  the  kinate  of  dnchonia  or  quina,  contain 
the  fbllowing  substances : — a  greenish  fatty  matter ;  a  red  in- 
•oluUc  matter ;  a  red  soluble  principle,  which  is  a  variety  of 
tannin;  a  ydlow  colouring  matter;  kinate  of  lime;  gum, 
starch,  and  lignin.  It  is  hence  apparent  that  a  deoocticm  oC- 
bark,  owing  to  the  tannin  which  it  contains,  may  precipitate 
a  solutiot]  of  tartar  emetic,  of  gelatine,  or  a  salt  of  iron,  with- 
out  containing  a  trace  of  the  v^etable  alkali,  and  conse- 
quently without  possessing  any  febrifuge  virtues.  An  infu- 
non  fd  gall-nuts,  on  the  contrary,  causes  a  preci{Htate  only 
by  its  gallic  acid  uniting  with  cinchtmia  or  quina,  and  there- 
fore affords  a  test  for  distinguishing  a  good  from  an  inert 
variety  of  bark. 

Sulphate  of  quina,  from  its  ccnnmercial  value,  is  frequently 
adulterated.  The  substances  commonly  employed  for  the 
purpose  are  water,  sugar,  gum,  starch,  ammoniacal  salts,  and 
earthy  salts,  such  as  sulfdiate  of  lime  and  magnesia,  or  acetate 
of  lime.  Pure  sulphate  of  quina,  when  deprived  of  its  water 
of  crystallisaticHi  by  a  heat  of  312°,  should  lose  only  from  8 


794  ALCOHOL. 

An  elegant  and  easy  process  for  procuring  absolute  alcohol 
has  been  proposed  by  Mr.  Graham.  (Edinburgh  Philoa. 
Trans,  for  1828.)  A  large  shallow  basin  is  covered  to  a 
small  depth  with  quicklime  in  coarse  powder,  and  a  smaller 
one  containing  three  or  four  ounces  of  commercial  alcohol  is 
supported  just  above  it.  The  whole  is  placed  upon  the  plate 
of  an  air  pump,  covered  by  a  low  receiver,  and  the  air  with- 
drawn until  the  alcohol  evinces  signs  of  ebullition.  Of  the 
mingled  vapours  of  water  and  alcohol  which  fill  the  receiver, 
the  former  alone  is  absorbed  by  the  quicklime,  while  the  latter 
is  unaffected.  Now  it  is  found  that  water  cannot  remain  in 
alcohol,  unless  covered  by  an  atmosphere  of  its  own  vapour; 
and  consequently  the  water  continues  to  evaporate  without 
interruption,  while  the  evaporation  of  the  alcohol  is  entirely 
arrested  by  the  pressure  of  the  vapour  of  alcohol  on  its  sur- 
face. Common  alcohol  is  in  this  way  entirely  deprived  of 
water  in  the  course  of  about  five  days.  The  temperature 
should  be  preserved  as  uniform  as  possible  during  the  process. 
Sulphuric  acid  cannot  be  substituted  for  quickh'me,  since  both 
vapours  are  absorbed  by  this  liquid. 

Alcohol  is  a  colourless  limpid  fluid,  of  a  penetrating  odour, 
and  burning  taste.  It  is  highly  volatile,  boiling,  when  its 
density  is  0820,  at  the  temperature  of  176°  F.  The  specific 
gravity  of  its  vapour,  according  to  Gray-Lussac,  is  1'613. 
Like  volatile  liquids  in  general,  it  produces  a  considerable 
degree  of  cold  during  evaporation.  It  has  hitherto  retained 
its  fluidity  under  every  degree  of  cold  to  which  it  has  been 
exposed.  Mr.  Hutton,  indeed,  announced  in  the  34th  volume 
of  Nicholson^s  Journal,  that  he  had  succeeded  in  freesing 
alcohol ;  but  the  fact  itself  is  regarded  as  doubtful,  since  no 
description  of  the  method  has  hitherto  been  published.  In 
the  experiments  of  Mr.  Walker,  alcohol  was  found  to  retain 
its  fluidity  at  —91°  F. 

Alcohol  is  highly  inflammable,  and  bums  with  a  lambent 
yellowish-blue  flame.  Its  colour  varies  considerably  with  the 
strength  of  the  alcohol,  the  blue  tint  predominating  when  it 
is  strong,  and  the  yellow  when  it  is  diluted.  Its  combustion 
is  not  attended  with  the  least  degree  of  smoke,  and  the  sole 
products  are  water  and  carbonic  acid.  When  transmitted 
through  a  red-hot  tube  of  porcelain,  it  is  resolved  into  car- 
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appears  from  some  obserrations  of  Pdleder  and  Caventou, 
that  the  red  tint  ia  owing  to  the  presence  of  tome  impurity, 
which  is  probably  brucia. 

Strychnia  is  one  of  the  most  virulent  poisons  hitherto  dia- 
oovered,  and  is  the  poisonous  principle  of  the  substance  in 
which  it  is  contained.  Its  energy  is  so  great,  that  half  a 
grain  blown  into  the  throat  of  a  rabbit  occasioned  death  in 
the  course  of  five  minutes.  Its  operation  is  always  ac- 
companied with  symptoms  of  locked  jaw  and  other  tetanic 
affections. 

The  equivalent  of  strychnia,  estimated  from  the  composi^ 
tion  of  the  muriate,  is  about  242*7.  The  alkali  itself  con- 
sists of 

liebig.       Pellctin  k  Dmnu.  ThearatuaOlj. 

Carbon  7643      .       78 22       .       183       .       30^  eq. 

Hydrogen   .        6-7U       .         6-54  16       .       16    eq. 

Nitrogen     .         581  892  14       .        I    eq. 

Oxygen  1106  638  24      .         3    eq. 

10000  100^  237 

Brueia.- — This  alkali  was  discovered  in  the  Brucea  atuidy- 
aenterka  by  Pelletier  and  Caventou  rood  after  th«r  discovery 
fA  strychnia  (An.  de  Ch.  et  de  Ph.  vol.  xii.) ;  and  it  likewise 
exists  in  small  quantity  in  the  St.  Ignatius's  bean  and  mux 
vomica.    In  its  bitter  taste  and  poisonous  qualities,  it  is 
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alcohol  at  23,  the  alcoate  of  chloride  of  calcium  is  composed 
of  one  equivalent  of  chloride  of  calcium,  and  three  equivalents 
and  a  half  of  alcohol.  Nitrate  of  magnesia  crystallizes  with 
nine  equivalents  of  alcohol ;  nitrate  of  lime  with  2^  equiva- 
lents; proto-chloride  of  manganese  with  three  equivalents; 
and  chloride  of  zinc  with  half  an  equivalent  of  alcohol. 

The  constitution  of  alcohol  has  been  ably  investigated  by 
M.  Saussure,  jun.  (An.  de  Ch.  Ixxxix.)  Accoixling  to  hJA 
analysis,  which  was  made  by  transmitting  the  vapour  of  ab- 
solute alcohol  through  a  red-hot  porcelain  tube,  and  examin- 
ing the  products,  this  fluid  is  composed  of  carbon  51-98,  oxy- 
gen 34*32,  and  hydrogen  13*70.  From  these  data,  alcohol 
is  inferred  to  consist  of 

Carbon,  ...      12        2  equivalents    .    52*17 

Oxygen,         ...        8         1  equivalent      .    34*79 
Hydrogen,     ...        3        3  equivalents         13'04 

23  10000 

These  numbers,  it  is  obvious,  are  in  such  proportion  that 
alcohol  may  be  regarded  as  a  compound  of  14  parts  or  one 
equivalent  of  olefiant  gas,  and  9  parts  or  one  equivalent  of 
water.     Hence  the  equivalent  of  alcohol  is  23. 

Knowing  the  composition  of  alcohol  by  weight,  it  is  easy  to 
calculate  the  proportion  of  its  constituents  by  measure ;  for 
since  (page  74)  the  density  of  a  substance  is  found  by  dividing 
its  weight  by  its  volume,  its  volume  will  be  obtained  by  divi- 
ding its  weight  by  its  density.  Hence  14  divided  by  0*972 
(the  density  of  olefiant  gas)  gives  the  volume  of  olefiant  gas ; 
and  9  divided  by  0*625  (the  density  of  aqueous  vapour)  gives 
the  corresponding  volume  of  aqueous  vapour:  as  the  two 
quotients  are  very  nearly  equal,  it  follows  that  alcohol  must 
consist  of  equal  measures  of  aqueous  vapour  and  olefiant  gas. 
It  is  inferred,  also,  that  these  two  gaseous  bodies,  in  uniting 
to  form  the  vapour  of  alcohol,  occupy  half  the  space  which 
they  possessed  separately  ;  because  the  density  of  the  vapour 
of  alcohol,  as  calculated  on  this  supposition,  (0*9722+0*625= 
1*5972)  corresponds  closely  with  1*613,  the  number  which 
was  ascertained  experimentally  by  Gay-Lussac. 

Considerable  uncertainty  prevailed  a  few  years  ago  as  to 
the  state  in  which  alcohol  exists  in  wine.  Some  chemists  were 
of  opinion  that  it  is  generated  by  the  heat  employed  in  the 
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ture  of  alcohol  and  sulphuric  acid;  but  the  same  term  has 
since  been  extended  to  several  other  compounds  produced  by 
the  action  of  acids  on  alcohol,  and  which,  from  their  volatility 
and  inflammability,  were  supposed  to  be  identical  or  nearly  so 
with  sulphuric  ether.  It  is,  however,  now  fully  established 
that  ethers,  though  analogous  in  their  leading  properties, 
frequently  differ  both  in  composition  and  in  their  mode  of 
formation. 

Sulphuric  ether. — In  forming  this  compound,  strong  sul- 
phuric acid  is  gently  poured  upon  an  equal  weight  of  recti- 
fied spirit  of  wine  contained  in  a  thin  glass  retort,  and  after 
mixing  the  fluids  together  by  agitation,  which  occasions  a  free 
disengagement  of  caloric,  the  mixture  is  heated  as  rapidly  as 
possible  until  ebullition  commences.  At  the  beginning  of  the 
process  nothing  but  alcohol  passes  over ;  but  as  soon  as  the 
liquid  boils,  ether  is  generated,  and  condenses  in  the  recipi- 
ent, which  is  purposely  kept  cool  by  the  application  of  ice  or 
moist  cloths.  When  a  quantity  of  ether  is  collected,  equal 
in  general  to  about  half  of  the  alcohol  employed,  white  fumes 
begin  to  appear  in  the  retort.  At  this  period,  the  process 
should  be  discontinued,  or  the  receiver  changed ;  for  although 
ether  does  not  cease  to  be  generated,  its  quantity  is  less  con-^ 
siderable,  and  several  other  products  make  their  appearance  ; 
thus  on  continuing  the  operation,  sulphurous  acid  is  disen- 
gaged, and  a  yellowish  liquid,  commonly  called  ethereal  ail 
or  oil  of  wine,  passes  over  into  the  receiver.  If  the  heat  be 
still  continued,  a  large  quantity  of  olefiant  gas  is  disengagedy 
and  all  the  phenomena  ensue  which  were  mentioned  in  the 
description  of  that  compound.     (Page  367.) 

Ether,  thus  formed,  is  always  mixed  with  alcohol,  and  ge- 
nerally with  some  sulphurous  acid.  To  separate  these  im- 
purities  the  ether  should  be  agitated  with  a  strong  solution  of 
potash,  which  neutralizes  the  add,  while  the  water  unites  with 
the  alcohol.  The  ether  is  then  distilled  by  a  very  gentle  heat, 
and  may  be  rendered  still  stronger  by  distillation  from  chlo- 
ride of  calcium. 

To  comprehend  the  theory  of  the  formation  of  ether,  it  is 
necessary  to  compare  the  composition  of  this  substance  with 
that  of  alcohol.  Ether  was  analyzed  by  Saussure  in  the 
manner  as  alcohol ;  and  from  the  data  furnished  by  his 
lysis,  corrected  by  Gay-Lussac,  (An.  de  Ch.  xcv.  814),  elber 
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line  powder,  which  is  almoBt  insoluble  in  water,  but  is  diB> 
solved  by  alcohol,  ether,  and  the  oils.  It  has  s  feeble  alka- 
line reaction,  and  yields  neutral  salts  of  a  bitter  taste,  but 
which  rarely  crystsJlize.     (An.  de  Ch.  et  Ph.  xii.) 

Althta  was  announced  by  M.  Bacon  of  Caen  as  a  uew  ve- 
getable alkali,  said  to  be  procured  from  the  root  of  the  marrii- 
Biallow.  (Althaea  Officinalis.)  According  to  M.  Plisson  this 
alkali  has  no  existence,  and  what  was  thought  to  be  supe^ 
malate  of  althea  is  asparagin.  From  the  experiments  of 
Wittstock  it  appears  that  the  asparagin  found  by  Plisson 
does  not  exist  in  the  plant  itself:  the  aqueous  solution  of  the 
marsh-mallow  contains  sugar,  a  mucilaginous  matter,  and  a 
peculiar  vegetable  acid  containing  nitrogen,  which  is  united 
with  magnesia ;  and  by  the  mutual  action  of  these  ingredients 
of  the  solution,  the  asparagin  or  althein  is  generated.     (Pi^. 

Annalen,  xx.  346.)  Jf^ ,-? 

Sangainaria  is  a  vegetable  alkali,  obtained  by  )£  Dana 
from  the  Sangutnaria  Canadenris,  called  klood'toot  in  Ame- 
rica, from  the  red  colour  of  its  juice.  The  powdered  rtsot  is 
digested  in  pure  alct^ol,  and  the  red  solution  mixed  with  a 
little  ammonia  is  poured  into  water,  when  a  brown  mattef* 
subsides.  After  waging  carefully,  and  removing  colouring 
matter  by  animal  charcoal,  the  alkali  is  removed  by  hot  alco> 
hoi,  and  obtained  by  evaporation  as  a  pearly  white  matter  of 
an  acrid  taste  and  alkaline  reaction.     By  exposure  to  air  i( 
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tbat  from  sulphuric  acid,  may  be  prepared  by  digesting  alco- 
hol with  other  acids  which  have  a  strong  affinity  for  water,  as 
for  example  with  phosphoric,  arsenic,  and  fluoboric  acids. 

The  production  of  a  peculiar  acid  in  the  preceding  process 
was  first  noticed  by  M.  Dabit,  about  the  year  1800.  This 
substance,  to  which  the  name  of  sulpho-vinic  acid  is  applied, 
was  subsequently  examined  by  Sertuerner,  Vogel,  and  Gay- 
Lussac ;  and  the  two  last  mentioned  philosophers  regarded  it 
as  a  compound  of  hyposulphuric  acid  and  a  peculiar  vege- 
table matter.  Mr.  Hennel,  however,  has  given  of  its  nature 
a  different  view,  the  principal  points  of  which  have  been  fully 
confirmed  by  SeruUas,  and  Wohler  and  Liebig.  (An.  de  Ch. 
et  Ph.  xlvii.  421.)  According  to  Hennel  sulpho-vinic  acid 
and  oil  of  wine  are  both  composed  of  sulphuric  acid  and  a 
carburet  of  hydrogen.  Oil  of  wine,  which  has  no  acid  re- 
action when  pure,  consists  of  2  equivalents  of  sulphuric  acid, 
8  of  carbon,  and  8  of  hydrogen.  When  heated  it  parts  with 
half  of  its  carbon  and  hydrogen,  and  sulpho-vinic  acid  re- 
mains, consisting  of  2  equivalents  of  sulphuric  acid,  4  of 
carbon,  and  4  of  hydrogen.  Oil  of  wine  is  a  perfectJy  neutral 
compound,  in  which  carburet  of  hydrogen  acts  the  part  of  an 
alkali  in  neutralizing  sulphuric  acid :  it  may  be  regarded  as  a 
sulphate  of  olefiant  gas,  the  composition  of  which  is  expressed 
by  the  formula  2S+4(2H+2C.)  In  sulpho-vinic  acid  half 
the  sulphuric  acid  appears  to  be  neutralized  by  carburet  of 
hydrogen.  (Philos.  Trans,  for  1826,  p.  247,  or  Journal  of 
Science,  xxi.  331.) 

Additional  researches  by  Mr.  Hennel  have  rendered  it  pro- 
bable,  that  sulpho-vinic  acid  is  in  reality  a  stage  in  the  for- 
mation of  sulphuric  ether.  That  acid  is  present  in  greatest 
quantity  when  the  ingredients  are  first  mixed,  and  prior  to 
the  application  of  artificial  heat,  one  half  of  the  sulphuric  acid 
being  then  in  combination  with  carburet  of  hydrogen ;  bat  on 
distilling  the  mixture,  sulpho-vinic  acid  diminishes  as  the 
quantity  of  ether  increases,  until  towards  the  close  of  the 
process,  sulpho-vinic  acid  entirely  disappears,  and  the  sul- 
phuric acid,  which  was  previously  in  combination,  is  set  free. 
In  support  of  this  view  Mr.  Hennel  remarks,  that  however 
the  operation  may  be  conducted,  the  formation  of  ether  is 
always  accompanied  or  preceded  with  that  of  sulpho-vinic 
acid ;  and  he  has  added  the  additional  fact,  that  on  distilling 
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The  ether  so  washed  is  very  pure,  because  the  water  retains 
the  alcohol  with  which  it  is  mixed. 

Ether  is  highly  inflammable,  burning  with  a  blue  flame, 
and  formation  of  water  and  carbonic  acid.  With  oxygen 
gas  its  vapour  forms  a  mixture  which  explodes  violently 
on  the  approach  of  flame,  or  by  the  electric  spark.  On 
being  transmitted  through  a  redhot  porcelain  tube  it  un- 
dergoes decomposition,  and  yields  the  same  products  as 
alcohol. 

When  a  coil  of  platinum  wire  is  heated  to  redness,  and  then 
suspended  above  the  surface  of  ether  contained  in  an  open 
vessel,  the  wire  instantly  begins  to  glow,  and  continues  in 
that  state  until  all  the  ether  is  consumed.  (Davy.)  During 
this  slow  combustion,  pungent  acrid  fumes  are  emitted, 
which,  if  received  in  a  separate  vessel,  condense  into  a  colour- 
less liquid  possessed  of  acid  properties.  Professor  Danidl, 
who  prepared  a  large  quantity  of  it,  was  at  first  inclined  to 
regard  it  as  a  new  acid,  which  he  described  under  the  name  of 
lampic  acid ;  but  he  has  since  ascertained  that  its  acidity  is 
owing  to  acetic  acid,  which  is  combined  with  some  compound 
of  carbon  and  hydrogen  different  both  from  ether  and  alco- 
hol. (Journal  of  Science,  vi.  and  xii.)  Alcohol,  when  simi* 
larly  burned,  likewise  yields  acetic  acid. 

If  ether  is  exposed  to  light  in  a  vessel  partially  filled,  and 
which  is  frequently  opened,  it  gradually  absorbs  oxygen,  and 
a  portion  of  acetic  acid  is  generated.  This  change  was  first 
noticed  by  M.  Planche,  and  has  been  confirmed  by  Gay- 
Lussac.  (An.  de  Ch.  et  de  Ph.  ii.  98  and  2ia)  M.  Henry 
of  Paris  attributes  its  developement  to  acetic  ether,  whidi  be 
believes  to  be  always  contained  in  sulphuric  ether. 

Since  ether  may  be  viewed  as  a  compound  of  28  parts  of 
olefiant  gas  and  9  of  water,  we  may  ascertain  its  composi- 
tion by  volume,  as  in  the  case  of  alcolnd,  (page  796)  by 
dividing  28  by  0*972,  and  9  by  0*625.  Ether  is  thus  found 
to  consist  of  two  measures  of  olefiant  gas  and  one  measure  of 
watery  vapour ;  and  supposing  these  three  measures,  in  com- 
bining, to  contract  to  one  third  of  their  volume,  the  specific 
gravity  of  the  vapour  of  ether  will  be  0*972  x  2  +  0*^5= 
2*569*  Now  this  is  so  near  2*586,  the  specific  gravity  which 
Oay-Lussac  found  by  actual  trial,  that  the  preceding  suppo- 
sition may  fairly  be  admitted. 
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and  eliiiQe  disappear  entirely,  being  converted  b;  a  change  in 
the  an-angeroent  of  their  elements  into  three  compounds,  to 
which  Chevreul  has  applied  the  names  of  margaric  and 
oleic  acids,  and  glycerine-  The  two  acids  enter  into  com- 
bination with  the  alkali  employed,  and  the  resulting  com- 
pound is  soap.  A  similar  change  appears  to  be  effected  by 
the  action  not  only  of  the  alkaline  earths,  but  of  several  of 
the  other  metallic  oxides.     (  ReckercAes  sur  Us  Coifs  grat.) 

Soap  is  decomposed  by  acids,  and  by  earthy  and  most  me- 
tallic salte.  On  mixing  muriate  of  Ume  with  a  solution  of 
soap,  a  muriate  of  the  alkali  is  produced,  and  the  lime  forms 
an  insoluble  compound  with  the  margaric  and  oleic  acids.  A 
similar  change  ensues  when  a  salt  of  lead  is  employed. 

According  to  the  analysis  of  Gay-Lussac  and  Thenard,100 
parts  of  olive  oil  consist  of  carbon  77-213,  oxygen  9'427,  and 
hydrogen  13'36.  From  these  proportions  it  is  inferred  that 
olive  oil  contains  ten  equivalents  of  carbon,  one  of  oxygen, 
and  eleven  of  hydrogen. 

Volatile  Oil. — Aromatic  plants  owe  their  flavour  to  the  pre 
■ence  of  a  volatile  or  essential  oil,  which  may  be  obtained  by 
distillation,  water  being  put  into  the  still  along  with  the  plant 
in  order  to  prevent  the  latter  from  being  burned.  The  oil 
and  water  pass  over  into  the  recipient,  and  the  oil  collects  at 
the  bottom  or  the  surface  of  the  water  according  to  its 
density. 
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of  the   nitrite  or  hypoiritrite  of  that   alkali  are  deposited. 
(M^moires  d'^Arcueil,  vol.  i.) 

Acetic  Ether, — ^This  ether  is  analogous  in  composition  to 
the  preceding,  and  is  formed  by  distilling  acetic  add  with  an 
equal  weight  of  alcohol.  It  is  generated  by  the  action  of 
chloric  and  bromic  acid  on  alcohol  of  specific  gravity  0*817, 
chlorine  or  bromine  being  disengaged  at  the  same  time.  (Se- 
ruUas.)  When  set  on  fire,  it  burns  with  disengagement  of 
acetic  acid ;  and  when  mixed  with  a  strong  solution  of  potash, 
and  subjected  to  distillation,  pure  alcohol  passes  over,  and 
acetate  of  potash  remains  in  the  retort.  It  is  hence  inferred 
by  Thenard  to  consist  of  acetic  acid  and  alcohol.  When  pure 
it  is  quite  neutral. 

According  to  Thenard,  the  acetic  is  the  only  vegetable  add 
which  forms  ether  by  being  heated  alone  with  alcohol.  Ether 
may  also  be  generated  by  treating  tartaric,  oxalic,  malic, 
dtric,  or  benzoic  add  with  a  mixture  of  .alcohol  and  sulphuric 
add,  and  Thenard  regards  these  ethers  as  compounds  of  a 
vegetable  acid  with  alcohol.  But  Dumas  and  BouUay,  in 
the  essay  above  referred  to,  declare  that  the  elements  of  all 
these  ethers  are  in  such  proportion  as  to  constitute  one  equi- 
valent of  add,  one  of  water,  and  two  of  olefiant  gas.  They 
believe  them,  as  also  nitrous  ether,  to  be  hydrated  salts,  in 
which  carburet  of  hydrogen  acts  the  part  of  an  alkali.  Thb 
view  is  certainly  supported  by  the  observations  of  Mr.  Hennd 
relative  to  oil  of  wine,  and  by  the  constitution  c^  muriatic 
ether.  The  employment  of  sulphuric  acid  in  the  formation  of 
these  ethers  is  likewise  favourable  to  this  opinion.  The  alcohol 
obtained  by  distilling  them  with  potash,  is  supposed  by  Dumas 
und  Boullay  to  be  generated  during  the  process. 

Muriatic  Ether. — This  compound,  which  is  prepared  by 
distilling  a  mixture  of  concentrated  muriatic  add  and  pure 
alcohol,  was  supposed  by  Thenard  to  be  anali^us  in  ocmd* 
position  to  nitrous  ether.  It  appears,  however,  from  the  ex- 
periments of  Robiquet  and  Colin,  that  it  consists  of  muriatic 
add  and  the  elements  of  olefiant  gas,  and  is  therefore  quite 
free  from  oxygen.  (An.  de  Ch.  et  de  Ph.  ii.)  It  does  not 
afiect  the  colour  of  litmus  paper,  is  denser  than  water,  vcrfati- 
lizes  still  more  rapidly  than  sulphuric  ether,  and  is  highly 
inflammable.  Its  combustion  is  attended  with  the  disen- 
gagement of  a  large  quantity  of  muriatic  acid  gas« 
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formed  iu  the  Laurui  camphora  of  Japan,  and  ib  obtained 
from  itft  trunk,  root,  and  branches  by  sublimation- 
Camphor  has  B  bitterish,  aromatic,  pungent  taste,  accom- 
panied with  a  sense  of  coolness.  It  is  unctuous  to  the  touch, 
and  rather  brittle,  though  possessing  a  degree  of  toughness 
which  prevents  it  from  being  pulverized  with  facility  ;  but  it 
is  easily  reduced  to  powder  by  trituration  with  a  few  drops  of 
alcohol.  Its  specific  gravity  is  0-988.  It  is  exceedingly  vola- 
tile, being  gradually  disnpated  in  vapour  if  kept  in  open  ve^ 
sels.  At  288°  F.  it  enters  into  fusion,  and  boik  at  400°  F. 
According  to  Ure,  Saussure,  and  Liebig,  it  is  composed  of 
Ure-  SkUMora.  Uebig. 

Carbon       .     7738  74-38  8W6S 

Hydrogen       1114  10-67  9-708 

Oxygen      .     11-48  14^1  8635 

100.00  99-66  100-000 

Camphor  is  insoluble  in  water ;  but  when  triturated  with 
sugar,  and  then  mixed  with  that  fluid,  a  portion  is  dissolved 
sufficient  for  communicating  its  flavour.  It  is  dissolved  fredj 
by  alcohol,  and  is  thrown  down  by  the  addition  of  water.  It 
is  likewise  soluble  in  the  fixed  and  volatile  oils,  and  in  strong 
acetic  acid.  Sulphuric  add  decomposes  camphor,  converting 
it  into  a  substance  like  artificial  tannin.  (Mr.  Hatchett) 
With  the  nitric  it  yields  camphoric  acid. 
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which  pass  over  at  the  same  time,  by  admixture  with  a  solu- 
tion of  potash,  and  redistillation  ;  and  it  is  subsequently  ren- 
dered anhydrous  by  distillation  from  dry  carbonate  of  potash 
or  chloride  of  calcium.  It  has  been  examined  by  Macaire 
and  Marcet,  (An.  of  Phil.  N.  S.  viii.  69*)  and  its  constitution 
has  been  lately  determined  by  Liebig  and  Dumas.  (An.  de 
Ch.  et  Ph.  xlix.) 

Pyroacetic  spirit,  when  carefully  purified  from  water,  add, 
and  oil,  is  a  colourless  limpid  liquid,  highly  volatile  and  in- 
flammable, of  a  peculiar  penetrating  odour  different  from 
both  alcohol  and  ether,  and  has  a  density  of  0*7921  at  64^. 
It  boils  at  132^,  and  the  density  of  its  vapour  is  2'019«  It 
unites  with  water,  alcohol,  ether,  and  oil  of  turpentine  id 
every  proportion.  It  may  be  exposed  for  months  to  the  air 
without  change,  and  be  distilled  from  the  alkalies  without 
decomposition.  It  does  not  yield  ether  by  the  action  of  suU 
phuric  acid. 

When  pyroacetic  spirit  is  distilled  from  a  solution  of  clilo* 
ride  of  lime,  the  chloride  of  carbon  already  described  is  gene- 
rated.- (Page  321.)  By  the  action  of  chlorine  gas  muriadc 
acid  is  formed,  together  with  a  peculiar  oily  fluid,  which  baa 
a  density  of  1*331,  and  of  which  100  parts  contain  52*6  of 
chlorine,  28  of  carbon,  2*8  of  hydrogen,  and  16*6  of  oxygen. 
(Liebig.) 

According  to  the  analysis  of  Liebig,  which  is  confirmed  by 
Dumas,  pyroacetic  spirit  is  composed  of  3  equivalents  of  car- 
bon, 3  equivalents  of  hydrogen,  and  1  equivalent  of  oxygea. 
These  quantities  are  such  that  1  equivalent  of  acetic  acid, 
4C+3H+30,  exactly  corresponds  to  1  equivalent  of  pyro* 
acetic  spirit,  3C+3H+0,  and  1  equivalent  of  carbonic  acid, 
C+20.  Accordingly  both  Liebig  and  Dumas  have  observed 
that  dry  acetate  of  baryta  is  converted  into  pyroacetic  acid 
and  carbonate  of  baryta. 

Pyroxylic  <S>pinY.— When  wood  is  heated  in  dose  vessds, 
it  yields  a  large  quantity  of  impure  acetic  add,  (pyroligneoas 
acid,)  and  charcoal  of  great  purity  remains  in  the  retort 
During  this  process  a  peculiar  spirituous  liquid  is  farmed, 
which  was  discovered  in  1812  by  Mr.  P.  Taylor,*  and  has 
been  examined  by  Macaire  and  Marcet,f  who  proposed  for 
it  the  name  of  pyroxylic  spirit.     This  liquid  is  similar  to 

*  Quarterly  Journal,  xiv.  436.  t  An.  of  PhU.  N»  S.  Tiii.  69. 


by  water,  a  fluid  in  which  they  ate  quite  insoluble.  Their 
best  solvent  is  pure  potash  and  soda,  and  they  are  also  soluble 
in  the  alkaline  carbonates  by  the  aid  of  heat.  The  product 
is  in  each  case  a  soapy  compound,  which  is  decomposed  by  an 
acid. 

Concentrated  sulphuric  acid  dissolves  resins ;  but  the  add 
and  the  resin  mutually  decompose  each  other,  with  disengaf^ 
ment  of  sulphurous  acid,  and  deposition  of  charcoal.  Nitric 
acid  acts  upon  them  with  violence,  converting  them  into  a 
species  of  tannin,  which  was  discovered  by  Mr.  Hatcbett 
No  oxalic  acid  is  formed  during  the  action. 

The  uses  of  resin  are  various.  Melted  with  wax  and  oil 
resins  constitute  ointments  and  plasters.  Combined  with  oil 
or  alcohol,  they  form  different  kinds  of  oil  and  spirit  varnish. 
Sealing  wax  is  composed  of  lac,  Venice  turpendne,  and  com- 
mon resin.  The  composition  is  coloured  black  by  means  of 
lamp-black,  or  red  by  cinnabar  or  red  lead.  Lamp-black  is 
the  soot  of  imperfectly  burned  resin. 

Of  the  different  resins  the  most  important  are  common  reaia, 
copal,  lac,  sandarach,  masttch,  elemi,  and  dragon's  blood. 
The  flrsl  is  procured  by  heating  turpentine,  which  consists  of 
(»1  of  turpentine  and  resin,  so  as  to  expel  the  volatile  oiL 
The  common  turpentine,  obtained  by  incisions  made  in  the 
trunk  of  the  Scotch  lir-tree  (Pima  sytvestris)  is  employed  for 
this  purpose;  but  the  other  kinds  of  turpentine,  such  as 
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tar,  which  seems  identical  with  mineral  naphtha,  to  consist  of 
six  equivalents  of  carbon  and  six  of  hydrogen.  (Page  375.) 
Naphtha  occurs  in  some  parts  of  Italy,  and  on  the  hanks 
of  the  Caspian  Sea :  that  examined  by  Saussure  was  from 
Amiano  in  the  Duchy  of  Parma.  It  may  be  procured  alao 
by  distillation  from  petroleum. 

Petroleum  is  much  less  limpid  than  naphtha,  has  a  reddisb- 
brown  colour,  and  is  unctuous  to  the  touch.  It  is  found  in 
several  parts  of  Britain  and  the  continent  of  Europe,  in  the 
West  Indies,  and  in  Persia.  It  occurs  particularly  in  coal 
districts.  Mineral  tar  is  very  similar  to  petroleum,  but  is 
more  viscid  and  of  a  deeper  colour.  Both  these  species  be- 
come thick  by  exposure  to  the  atmosphere,  and  in  the  opinion 
of  Mr.  Hatchett  pass  into  solid  bitumen. 

Dr.  Christison  has  obtained,  from  the  petroleum  of  Raiw 
goon,  a  white  pearly,  crystalline,  inflammable  substance,  to 
which  he  has  given  the  name  otpetroline.  In  appearance  it 
closely  resembles  cholesterine,  and  is  believed  by  Dr.  Christi- 
son to  consist  solely  of  carbon  and  hydrogen ;  but  his  analjsia 
has  not  yet,  I  believe,  been  completed. 

Paraffine. — Here  may  also  be  introduced  a  notice  of  a 
fatty  substance  discovered  by  Dr.  Reichenbacb,  and  described 
under  the  name  of  Paraffine.  The  only  account  I  have  yet 
seen  of  it,  is  a  notice  by  J.  Gay-Lussac  in  a  number  of  the 
Annales  de  Chimie  et  de  Physique^  which  reached  me  while 
this  sheet  was  going  to  press.  According  to  his  analysis  it 
consists  of  carbon  and  hydrogen  in  the  same  ratio  as  in 
olefiant  gas. 

Asphaltum  is  a  solid  brittle  bitumen,  of  a  black  colour, 
vitreous  lustre,  and  conchoidal  fracture.  It  melts  easily,  and 
is  very  inflammable.  It  emits  a  bituminous  odour  when  rub- 
bed, and  by  distillation  yields  a  fluid  like  naphtha.  It  is 
soluble  in  about  five  times  its  weight  of  naphtha,  and  the 
solution  forms  a  good  varnish.  It  is  rather  denser  than 
water. 

Asphaltum  is  found  on  the  surface  and  on  the  banks  of  the 
Dead  Sea,  and  occurs  in  large  quantity  in  Barbadoes  and 
Trinidad.  It  was  employed  by  the  ancients  in  building,  and 
is  said  to  have  been  used  by  the  Egyptians  in  embalming. 

Mineral  Pitch  or  Maltha  is  likewise  a  solid  bitumen,  but 
is  much  softer  than  asphaltum.     Elastic  bitumen,  or  mmeral 
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euphorbium,  galbanum,  gamboge,  myrrh,  scunmony,  and 
guaiacum. 

Caoutchouc,  commonly  called  elastic  gum  or  Indian  rubber, 
is  tbe  concrete  juice  of  the  Havta  caoutchouc  and  latropa 
elattica,  natives  of  South  America,  and  of  the  Ficm  In^ca 
and  Artocarpiu  integrifoha,  which  grow  in  the  Elast  Indies. 
It  is  a  soft  yielding  solid,  of  a  whitish  colour  when  not 
blackened  by  smoke,  possesses  considerable  tenacity,  and  is 
particularly  remarkable  for  its  elasticity.  It  b  inflammable, 
and  bums  with  a  bright  flame.  When  cautiously  heated,  it 
fuses  without  decomposition.  It  is  insoluble  in  water  and 
alcohol ;  but  it  dissolvet^  though  with  some  difficulty,  in  pure 
ether.  It  is  very  sparingly  dissolved  by  the  alkalies,  but  its 
elasticity  is  destroyed  by  Uieir  action.  By  the  sulphuric  and 
nitric  acids  it  is  decomposed,  the  former  causing  deposition  vi 
charcoal,  and  tbe  latter  formation  of  oxalic  add. 

Caoutchouc  is  soluble  in  the  essential  oils,  in  petroleum, 
and  in  cajeput  oil ;  and  may  be  procured  by  evaporation  ftom 
the  two  latter  without  loss  of  its  elasticity.  The  purified 
naphtha  from  coal  tar  dissolves  it  readily,  and  as  the  solvent 
is  cheap,  and  tbe  properties  of  the  caoutchouc  are  unaltered  by 
tbe  process,  the  solution  may  be  conveniently  employed  for 
forming  elastic  tubes,  or  other  apparatus  of  a  similar  kind> 
It  is  used  by  Hr  .Mackintosh  of  Glasgow  for  covering  cloth 
with  a  thin  stratum  of  caoutchouc,  so  as  to  render  it  imper- 
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ing  with  a  clear  yellow  flame.  The  fourth  kind  is  cannel  coal^ 
which  is  found  of  peculiar  purity  at  Wigan  in  Lancashire. 
In  Scotland  it  is  known  by  the  name  o{  parrot  coal.  From 
the  brilliancy  of  the  light  which  it  emits  while  burning,  it  is 
sometimes  used  as  a  substitute  for  candles,  a  practice  which 
is  said  to  have  led  to  the  name  of  cannel  coal.  It  has  a  yery 
compact  structure,  does  Qot  soil  the  fingers  when  handled, 
and  admits  of  being  polished.  Snuff-boxes  and  other  orna- 
ments are  made  with  this  coal ;  and  it  is  peculiarly  well  fitted 
for  forming  coal  gas.  According  to  the  experiments  of  Dr. 
Thomson,  these  varieties  of  coal  are  thus  constituted : 

Caking  Cofd.        Splint  CoaL        Cbeny  Coal.        Canoel  Coal. 


Carbon, 

75-28 

75-00 

74-46 

64-72 

Hydrogen, 

4-18 

6-25 

12-40 

21-56 

Nitrogen, 

15-96 

6-25 

10-22 

13-72 

Oxygen, 

• 

458 

12-50 

2-93 

OHM) 

10000  10000  10000  100*00 

Judging  from  the  quantity  of  oxidized  products  {water, 
carbonic  acid,  and  carbonic  oxide)  which  are  procured  during 
the  distillation  of  coal.  Dr.  Henry  infers  that  coal  contains 
more  oxygen  than  was  found  by  Thomson.  (Elements,  11th 
Edit.  ii.  p.  348.)  This  opinion  is  supported  by  the  analysis 
of  Dr.  Ure,  who  found  26*66  per  cent  of  oxygen  in  splint, 
and  21*9  in  cannel  coal.  When  coal  is  heated  to  redness  in 
close  vessels,  a  great  quantity  of  volatile  matter  is  dissipated, 
and  a  carbonaceous  residue,  called  coke^  remains  in  the  retort. 
The  volatile  substances  are  coal  tar,  acetic  acid,  water,  sul- 
phuretted hydrogen,  and  hydrosulphuret  and  carbonate  of 
ammonia,  together  with  the  several  gases  formerly  enumerated. 
(Page  378.)  The  greater  part  of  these  substances  are  real 
products,  that  is,  are  generated  during  the  distillation.  The 
bituminous  matters  probably  exist  ready  formed  in  coal ;  but 
Dr.  Thomson  is  of  opinion  that  these  are  also  products,  and 
that  coals  are  atomic  compounds  of  carbon,  hydrogen,  nitro- 
gen, and  oxygen. 

Glance  Coal. — Glance  coal,  or  anthracite^  differs  from  com* 
mon  coal,  which  it  frequently  accompanies,  in  containing  no 
bituminous  substances,  and  in  not  yielding  inflammable  gases 
by  distillation.  Its  sole  combustible  ingredient  is  carbon,  and 
consequently  it  burns  without  flame.     It  commonly  occurs  in 
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parts  of  wax  are  composed  of  carbon  80*4,  oxygen  8-3,  and 
hydrogen  11*3  ;  from  which  it  is  probable  that  it  consists  of 
13  equivalents  of  the  first  element,  1  equivalent  of  the  second, 
and  11  equivalents  of  the  third. 


Alcohol  is  (he  intoxicating  ingredient  of  all  spirituous  and 
vinous  liquors.  It  does  not  exist  ready  formed  in  plants,  but 
is  a  product  of  the  vinous  fermentation,  the  theory  of  which 
will  be  stated  in  a  subsequent  section. 

Common  alcohol  or  spirit  of  wine  is  prepared  by  distilling 
whisky  or  some  ardent  spirit,  and  the  rectified  spirit  of  wine 
is  procured  by  a  second  distillation.  The  former  has  a  spe- 
cific gravity  of  about  0867,  and  the  latter  of  0835  or  0-84. 
In  this  state  it  contains  a  quantity  of  water,  from  which  it 
may  be  freed  by  the  action  of  substances  which  have  a  strong 
affinity  for  that  liquid.  Thus,  when  carbonate  of  potash 
heated  to  about  300°  F.  is  mixed  with  spirit  of  wine,  the 
alkali  unites  with  the  water,  forming  a  dense  solution,  which, 
on  standing,  separates  from  the  alcohol,  so  that  the  latter  may 
be  removed  by  decantation.  To  the  alcohol,  thus  deprived 
of  part  of  its  water,  fresh  portions  of  the  dry  carbonate  are 
successively  added,  until  it  falls  through  the  spirit  without 
being  moistened.  Other  substances,  which  have  a  powerful 
attraction  for  water,    may  be  substituted  for  carbonate  of 
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concentrated,  the  clarified  juice  is  received  in  conical  earthen 
vessels,  the  apex  of  which  is  undermost,  in  order  that  the 
fluid  parts  may  collect  there,  and  be  afterwards  drawn  oft  by 
the  removal  of  a  plug.  In  this  state  it  is  loaf  or  refined  sugar. 
In  the  process  of  refining  sugar,  it  is  important  to  concentrate 
the  syrup  at  a  low  temperature ;  and  on  this  account  a  very 
great  improvement  was  introduced  sdme  years  ago  by  con* 
ducting  the  evaporation  in  vacuo. 

Pure  sugar  is  solid,  white,  inodorous,  and  of  a  very  agree- 
able taste.  It  is  hard  and  brittle,  and  when  two  pieces  are 
rubbed  against  each  other  in  the  dark,  phosphorescence  is  ob- 
served. It  crystallizes  in  the  form  of  four  or  six-sided  prisms 
bevelled  at  the  extremities.  The  crystals  are  best  made  by 
fixing  threads  in  syrup,  which  is  allowed  to  evaporate  spon- 
taneously in  a  warm  room ;  and  the  crystallization  is  pro- 
moted by  adding  spirit  of  wine.  In  this  state  it  is  known  by 
the  name  of  sugarcandy. 

Sugar  undergoes  no  change  on  exposure  to  the  air ;  for  the 
deliquescent  property  of  raw  sugar  is  owing  to  impurities.  It 
is  soluble  in  an  equal  weight  of  cold,  and  to  almost  any  extent 
in  hot  water.  It  as  sohible  in  about  four  times  its  weight  of 
boiling  alcohol,  and  the  saturated  solution,  by  cooling  and 
spontaneous  evaporation,  deposits  large  crystsOys.  When  the 
aqueous  solution  of  sugar  is  mixed  with  yeast,  it  undergoes 
the  vinous  fermentation,  the  theory  of  which  will  be  explained 
in  a  subsequent  section. 

Sugar  unites  with  the  alkalies  and  alkaline  earths,  forming^ 
compounds  in  which  the  taste  of  the  sugar  is  greatly  injured  ; 
but  it  may  be  obtained  again  unchanged  by  neutralizing  with 
sulphuric  acid,  and  dissolving  the  sugar  in  alcohoL  When 
boiled  with  oxide  of  lead,  it  forms  an  insoluble  compound, 
which  consists  of  58*26  parts  of  oxide  of  lead,  and  41.74  parts 
of  sugar  (Berzelius) ;  but  it  is  not  precipitated  by  acetate  or 
subacetate  of  lead. 

Sulphuric  add  decomposes  sugar  with  deposition  of  char- 
coal ;  and  nitric  acid  causes  the  production  of  oxalic  acid,  as 
already  described  in  a  former  section.  The  vegetable  adds 
diminish  the  tendency  of  sugar  to  crystallize. 

Sugar  is  very  easily  affected  by  heat,  acquiring  a  dark  co- 
lour and  burned  flavour.  At  a  high  temperature  it  yidds 
the  usual  products  of  the  destructive  distillation  of  vegetable 
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eulpho-vinate  of  potash  with  concentrated  sulphuric  acid,  no 
alcohol  being  present,  ether  is  generated.  It  appears,  then, 
that  ether  may  be  directly  developed  from  sulpho-vinic  acid ; 
that,  in  the  ordinary  process,  the  formation  of  the  latter 
always  precedes  that  of  the  former ;  and  that  during  the  period 
of  ether  being  generated,  sulplio-vinic  acid  is  decomposed. 
These  facts  give  great  plausibility  to  the  opinion  of  Mr. 
HeoDel ;  but  it  does  not  follow,  nor  does  Mr.  Hennel  main- 
tain, that  ether  cannot  be  generated  but  through  the  medium 
of  sulpho-vinic  acid.  The  nature  of  the  difference  in  the 
constitution  of  alcohol  and  ether,  and  the  production  of  ether 
from  alcohol  and  phosphoric  acid,  justify  an  opposite  infer- 
ence.    (Phil.  Trans.  1828.) 

Mr.  Hennel  has  succeeded  in  obtaining  alcohol  through  the 
medium  of  ether.  For,  when  ether  and  sulphuric  acid  are 
heated  together,  oil  of  wine  and  sulpho-vinic  acid  are  among 
the  products ;  and  on  distilling  sulpho-vinate  of  potash  with 
sulphuric  acid,  not  concentrated  as  above,  but  previously  di- 
luted with  half  its  weight  of  water,  alcohol  is  generated.  It 
hence  appears  that  carburet  of  hydrogen,  at  the  moment  of 
separation  from  sulphuric  acid,  is  in  a  state  peculiarly  favour- 
able for  combining  with  water ;  and  that,  in  doing  so,  it  gives 
rise  to  alcohol  or  ether,  according  to  the  condition  in  which  it 
is  placed. 

Sulphuric  ether  is  a  colourless  fluid,  of  a  hot  pungent 
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of  the   nitrite  or  hyporiitrite  of  that   alkali  are  deposited. 
(M^moires  d^Arcueil,  vol.  i.) 

Acetic  Ether. — ^This  ether  is  analogous  in  composition  to 
the  preceding,  and  is  formed  by  distilling  acetic  acid  with  an 
equal  weight  of  alcohol.  It  is  generated  by  the  action  of 
chloric  and  bromic  acid  on  idcohol  of  specific  gravity  O'SIT, 
chlorine  or  bromine  being  disengaged  at  the  same  time.  (Se. 
ruUas.)  When  set  on  fire,  it  burns  with  disengagement  of 
acetic  acid ;  and  when  mixed  with  a  strong  solution  of  potash, 
and  subjected  to  distillation,  pure  alcohol  passes  over,  and 
acetate  of  potash  remains  in  the  retort.  It  is  hence  inferred 
by  Thenard  to  consist  of  acetic  add  and  alcohol.  When  pure 
it  is  quite  neutral. 

According  to  Thenard,  the  acetic  is  the  only  vegetable  add 
which  forms  ether  by  being  heated  alone  with  alcohol.  Ether 
may  also  be  generated  by  treating  tartaric,  oxalic,  malic, 
citric,  or  benzoic  acid  with  a  mixture  of  .alcohol  and  sulphuric 
add,  and  Thenard  regards  these  ethers  as  compounds  at  a 
yegetable  acid  with  alcohol.  But  Dumas  and  Boullay,  in 
the  essay  above  referred  to,  declare  that  the  dements  of  all 
these  ethers  are  in  such  proportion  as  to  constitute  one  equi* 
:ralent  of  acid,  one  of  water,  and  two  of  olefiant  gas.  They 
believe  them,  as  also  nitrous  ether,  to  be  hydrated  salts,  in 
which  carburet  of  hydrogen  acts  the  part  of  an  alkali.  This 
view  is  certainly  supported  by  the  observations  of  Mr.  Hennd 
rdative  to  oil  of  wine,  and  by  the  constitution  of  muriatic 
ether.  The  employment  of  sulphuric  add  in  the  formation  of 
these  ethers  is  likewise  favourable  to  this  opinion.  The  alcohol 
obtained  by  distilling  them  with  potash,  is  supposed  by  Dumas 
and  Boullay  to  be  generated  during  the  process. 

Muriatic  Ether. — This  compound,  which  is  prepared  by 
distilling  a  mixture  of  concentrated  muriatic  acid  and  pure 
alcohol,  was  supposed  by  Thenard  to  be  analogous  in  com- 
position to  nitrous  ether.  It  appears,  however,  from  the  ex- 
periments of  Robiquet  and  Colin,  that  it  consists  of  muriatic 
add  and  the  elements  of  olefiant  gas,  and  is  therefore  quite 
free  from  oxygen.  (An.  de  Ch.  et  de  Ph.  ii.)  It  does  not 
affect  the  colour  of  litmus  paper,  is  denser  than  water,  volati- 
lizes still  more  rapidly  than  sulphuric  ether,  and  is  highly 
inflammable.  Its  combustion  is  attended  with  the  disen- 
gagement of  a  large  quantity  of  muriatic  acid  gas. 
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Tbe  scdrent  properties  of  ether  are  leas  extensive  than  those 
of  alcohol.  It  dissolves  the  essential  oils  and  resins,  and  some 
of  the  T^etable  alkalies  are  soluble  in  it.  It  unites  also 
with  ammonia;  but  the  fixed  alkalies  are  insoluble  in  this 

Nitrout  Ether, — ^Hiu  compound  is  prepared  by  distilling 
a  mixture  of  concentrated  nitric  acid  with  an  equal  weight  of 
alcohol;  but  as  the  reaction  is  apt  to  be  exceedingly  violenti 
tbe  process  should  be  conducted  with  extreme  cara  Tbe 
safest  method  is  to  add  the  add  to  the  alcohol  by  small  quan- 
tities at  a  time,  allowing  the  mixture  to  cool  after  each  ad- 
dition before  more  add  is  added.  The  distillation  is  then 
conducted  at  a  very  gentle  temperature,  and  the  ether  col- 
lected in  Woulfe's  apparatus.  The  theory  of  the  process  is 
in  some  respects  obscure ;  but  as  the  formation  of  ether  is 
attended  with  the  disengagement  of  the  protoxide  and  bin- 
oxide  of  nitrogen,  together  with  free  nitrogen  and  carbonic 
add,  it  ftdlowB  that  the  alcohol  and  acid  mutually  decompose 
each  other.  Thenard  inferred  from  his  experiments,  that 
ether  is  a  compound  of  alcohol  and  nitrous  acid ;  and,  conse- 
quently, that  the  essential  change  during  its  formation  con- 
rists  in  the  conversion  of  nitric  into  nitrous  add  at  the  ex- 
pense of  one  part  of  the  alcohol,  while  the  reminder  of  that 
fluid  combines  with  the  nitrous  add.  Consistently  with  this 
view,  nitrous  ether  may  be  made  directly  by  the  action  of 
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Hydriodic  Ether,  6rst  prepared  by  Qay-LusEoc,  appears  to 
be  similar  in  composition  to  muriatic  ether.  SeruUas  recom- 
mends that  it  should  be  formed  by  introducing  into  a  retort 
40  parts  of  iodine  and  100  of  alcohol  of  0827,  and  then 
gradually  adding  2*5  parts  of  phosphorus  in  small  fragments. 
The  mixture  is  kept  in  ebullition  till  it  is  nearly  exhausted, 
and  then  25  or  .30  parts  of  alcohol  are  added  and  distilled  off 
from  the  remainder.  The  ether  is  purified  by  wa»bing  with 
water ;  aAer  which  it  is  dried  by  distillation  from  chloride  oS 
calcium.     (An.  de  Ch.  et  Ph.  xlii.  119.) 

Hi/dro-bromic  ether  may  be  prepared  by  a  process  similar 
to  the  foregoing. 

Liebig  has  prepared  sulpho-cyanic  ether,  which  he  believes 
to  be  a  compound  of  sulphuret  of  cyanogen  and  carburet  of 
hydrogen,  by  distilling  a  mixture  of  1  part  of  sulpbo-cyanuret 
of  potassium,  2  of  sulphuric  acid,  and  3  of  strong  alcohol. 
(An.  de  Ch.  et  Ph.  xli.  202.) 

.  Chloric  Ether. — This  name  is  sometimes  applied  lo  the  com- 
pound of  olefiont  gas  and  chlorine ;  (page  369)  but  the  term 
more  properly  belongs  to  an  oily  liquid,  prepared  by  distilling 
a  mixture  of  sulphuric  acid,  peroxide  of  manganese,  sea-salt, 
and  alcohol.  It  may  be  also  prepared  by  transmitting  a  cur- 
rent of  chlorine  gas  into  cold  alcohol,  when  the  oily  matter  gra- 
dually subsides :  an  additional  quantity  falls  on  the  addition  of 
water.     This  compound,  the  exact  composition  of  which  is  not 
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alcohol  in  several  of  its  properties,  but  differs  from  it  essen- 
tially in  not  yielding  ether  by  the  action  of  sulphuric  acid. 
It  has  a  strong,  pungent,  ethereal  odour,  with  a  flavour  like 
the  oil  of  peppermint.  Its  density  is  0-828,  and  it  boils  at 
150°  F.  It  bums  with  a  blue  flame,  and  without  residue. 
It  consists  of  carbon,  oxygen,  and  hydrogen  very  nearly  in 
the  ratio  of  6  equivalents  of  the  first,  4  of  the  second,  and  7 
of  the  third  element.  It  hence  differs  distinctly  from  pyro- 
ocetic  spirit. 

BITUMINOUS  SUBSTANCES. 

Under  this  title  are  included  several  inflammable  substances 
which,  though  of  v^^able  origin,  are  found  in  the  earth,  or 
issue  from  its  surface.  They  mliy  be  conveniently  arranged 
under  the  two  heads  of  bitumen  and  pit-coal.  The  first  com- 
prehends naphtha,  petroleum,  mineral  tar,  mineral  pitch,  a^ 
phaltum,  and  retinasphaltum,  of  which  the  three  first  men- 
tioned are  liquid,  and  the  others  solid.  The  second  comprises 
brown  coal,  the  different  varieties  of  common  or  black  coal, 
and  glance  coal. 

Bitumtn. — Naphtha  is  a  volatile  limpid  liquid,  of  a  strong 
peculiar  odour,  and  generally  of  a  Ught  yellow  colour ;  but  it 
may  be  rendered  colourless  by  careful  distillation.  Its  spe- 
cific gravity,  when  highly  rectified, is  0753  at  61°  F.  It  is 
very  inflammable,  and  bums  with  a  white  flame  mixed  with 


caoutchouc,  is  a  rare  variety  of  mineral  pitch,  found  oiily  ia 
the  Odin  mine,  near  Costleton  in  Derbyshire. 

Rttinatfhaltum  is  a  peculiar  bituminous  substance,  found 
associated  with  the  brown  coal  of  Bovey  in  Devonshire,  and 
described  by  Mr-  Hatchett  in  the  Philosophical  Transactions 
for  1804.  It  consists  partly  of  bitumen,  and  partly  of  resb, 
a  composition  which,  led  Mr.  Hatchett  to  the  opinion  that 
bitumens  are  chiefly  formed  from  the  resinous  principle  of 
plants. 

Pit  Coal, — Brown  coal  is  characterized  by  burning  with  a 
peculiar  bituminous  odour,  like  that  of  peat.  It  is  sometimes 
earthy,  but  the  fibrous  structure  of  the  wood  from  which  it  is 
derived  is  generally  more  or  less  distinct,  and  hence  this 
variety  is  called  bituminous  wood.  Pitch  coal  or  jet,  which 
is  employed  for  forming  ear-rings  and  other  trinkets,  is  \aXw- 
mediale  between  brown  and  black  coal,  but  is  perhaps  more 
closely  allied  to  the  former  than  to  the  latter. 

Brown  coal  is  found  at  Bovey  in  Devonshire,  (Bovey  coal) 
in  Iceland,  where  it  is  called  surturbrand,  and  in  several  parts 
of  the  continent,  especially  at  the  Meissner  in  Hessia,  in 
Saxony,  Prussia,  and  Styria. 

Of  the  black  or  common  coal  there  are  several  varieties, 
which  dilFer  from  each  other,  not  only  in  the  quantity  of 
foreign  matters,  such  as  sulphuret  of  iron  and  earthy  sub-  * 
stances,  which  they  contain,  but  also  in  the  proportion  of 
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the  immediate  vicinity  of  basalt,  under  circumstances  which 
lead  to  the  suspicion  that  it  is  coal  from  which  the  volatile 
ingredients  have  been  expelled  by  subterranean  heat.  At  the 
Meissner,  in  Hessia,  it  is  found  between  a  bed  ttf  brown  coal 
and  basalt.  Kilkenny  coal  appears  to  be  s  variety  of  glance 
cool.     (Thomson,  An.  of  Fhy.  vol.  xv.) 

SECTION  IV. 


SuoAR  is  an  abundant  vegetable  product,  existing  in  a  great 
many  ripe  fruits,  though  few  of  them  contain  it  in  sufficient 
quantity  for  being  collected.  The  juice  which  flows  from  in. 
cisions  made  in  the  trunk  of  the  American  maple  tree,  is  so 
powerfully  saccharine  that  it  may  be  applied  to  useful  pur- 
poses. Sugar  was  prepared  in  France  and  Germany  during 
the  late  war  from  the  beet-root ;  and  this  manufacture  is  at 
present  carried  on  in  France  on  a  scale  of  considerable  magnU 
tude.  Proust  extracted  it  in  Spain  from  grapes.  But  moat 
of  the  sugar  at  present  used  in  Europe  is  obtained  from  the 
sugar-cane  (Arundo  iacchartfera),  which  contains  it  in  greater 
quantity  than  any  other  plant.  The  process,  as  practised  in 
our  West  India  Islands,  consists  in  evaporating  the  juice  of 
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matter,  together  with  a  considerable  quantity  of  pyromudc 
acid. 

The  analyses  of  sugar  by  different  chemists  are  considerably 
discordant.  This  is  accounted  for  not  only  by  errors  of  mani- 
pulation, and  impurity  in  the  materials ;  but  in  part  arises, 
according  to  Dr.  Prout,  from  difference  in  composition.  In 
his  Essay  on  Alimentary  Substances,  published  in  the  Philo- 
sophical Transactions  for  1827,  page  355,  he  states  that  pure 
cane  sugar  as  exemplified  in  sugarcandy  and  the  best  loaf 
sugar,  well  dried  at  212°  F.,  consists  of  42-85  parts  of  carbon, 
•nd  67'15  of  oxygen  and  hydrogen  in  the  proportion  for 
forming  water ;  while  sugar  from  honey  contains  only  36*36 
per  cent  of  carbon.  He  considers  the  sugar  from  starch, 
diabetic  urine,  and  grapes,  to  be  nearly  the  same  as  that  from 
honey.  The  sugar  from  the  maple  tree  and  heeUroot  corre- 
sponds with  that  from  the  cane ;  but  the  quantity  of  carbon  in 
these  kinds  of  sugar  appears  to  vary  from  40  to  42-85  per  cent. 
The  atomic  constitution  of  sugar  is  unknown ;  but  Jrom  a 
former  analysis  of  Dr.  Prout,  it  is  thought  that  its  elements 
are  in  the  ratio  of  6  part*  or  one  equivalent  of  carbon  to  9 
parts  or  one  equivalent  of  water,  or  by  volume  of  one  mea- 
sure of  the  vapour  of  carbon  to  one  measure  of  aqueous  va- 
pour.    This  estimate  is  admitted  by  most  chemists. 

MotasKt. — The  saccharine  principle  of  treacle  has  been 
supposed  to  be  different  from  crystallizable   sugar;  but   it 
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of  saccharine  matter*  one  of  which  crystallizes  readily  and  is 
analogous  to  common  sugar,  while  the  other  is  uncrystalliza- 
ble.  They  may  be  separated  by  mixing  honey  with  alcohol, 
and  pressing  the  solution  through  a  piece  of  linen.  The 
liquid  sugar  is  removed,  aad  the  erystallizable  portion  is  left 
in  a  solid  state.  Besides  sugar  it  contains  mucilaginous,  oo* 
louring,  and  odoriferous  matter,  and  probably  a  vegetable 
acid.  Diluted  with  water,  honey  is  susceptible  of  the  vinous 
fermentation  without  the  addition  of  yeast. 

The  natural  history  of  honey  is  as  yet  imperfect.  It  is  un- 
certain whether  honey  is  merely  collected  by  the  bee  from  the 
nectaries  of  flowers,  and  then  deposited  in  the  hive  unchang- 
ed, or  whether  the  saccharine  matter  of  the  flower  does  not 
undergo  some  change  in  the  body  of  the  animal. 

Manna. — ^This  saccharine  matter  is  the  concrete  juice  of 
several  species  of  ash,  and  is  procured  in  particular  from  the 
Frasnnus  ornus.  The  sweetness  of  manna  is  owing,  not  to 
sugar,  but  to  a  distinct  principle  called  mannitey  which  is 
mixed  with  a  peculiar  vegetable  extractive  matter.  Manna 
is  soluble  both  in  water  and  boiling  alcohol,  and  the  latter,  od 
cooling,  deposits  pure  mannite  in  the  form  o{  minute  acicular 
crystals,  which  are  often  arranged  in  concentric  groups. 
Mannite  difiers  from  sugar,  in  not  fermenting  when  mixed 
with  water  and  yeast.  According  to  Dr.  Prout  it  contains 
38*7  per  cent  of  carbon,  and  61*3  of  oxygen  and  hydrogen  in 
the  proportion  to  form  water. 

Sugar  of  Liquorice.'^The  root  of  the  Gfycirrhiza  glabra^ 
as  also  the  black  extract  of  the  root  well  known  under  the 
name  of  liquorice^  contains  a  saccharine  principle;  but  it  is 
quite  distinct  from  sugar.  It  may  be  prepared  by  infusing 
the  root  in  boiling  water,  filtering  when  cold,  and  gradually 
adding  sulphuric  acid  as  long  as  a  precipitate,  which  is  a 
compound  of  the  acid  and  saccharine  matter,  is  formed.  It  is 
first  washed  with  water  acidulated  with  sulphuric  add,  and 
then  with  pure  water ;  and  it  is  subsequently  dissolved  in 
alcohol,  which  leaves  a  little  vegetable  albumen  and  mucilage. 
Solution  of  carbonate  of  potash  is  then  added  very  gradually^ 
so  as  exactly  to  neutralize  the  acid  ;  and  after  the  sulphate  of 
potash  has  subsided,  the  alcoholic  solution  is  decanted  and 
evaporated.     It  may  also  be  obtained  in  a  similar  manner 
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fnHn  the  extract,  except  that  the  solution,  when  first  made, 
must  be  purified  by  white  of  egg. 

Sugar  of  liquorice  is  thus  procured  in  the  form  of  a  yellow 
transparent  mass,  which  is  unchangeable  in  the  air,  and  etAa- 
hle  in  water  and  alcohol.  It  is  characterized  by  its  tendency 
to  form  sparingly  soluble  compounds  with  acids,  which  ac- 
cordingly  precipitate  it  from  its  solution  in  cold  water.  It 
unites  also  readily  with  alkaline  bases ;  and  when  digested  in 
water  containing  carbonate  of  potash,  baryta,  or  lime,  car- 
bonic acid  is  slowly  evolved,  and  a  soluble  compound  of  the 
base  with  the  saccharine  matter  is  generated.     (Berzelius.) 

STARCH  OR  FECULA. — AMIDINE. 
Starch  exists  abundantly  in  the  v^;etable  kingdom,  being 
one  of  the  chief  ingredients  of  most  varieties  of  grain,  of  some 
roots,  such  as  the  potato,  and  of  the  kernels  of  leguminous 
plants.  It  is  easily  procured  by  letting  a  small  current  of 
water  fall  upon  the  dough  of  wheat  flour  enclosed  in  a  piece 
of  linen,  and  subjecting  it  at  the  same  time  to  pressure  be< 
twcen  the  fingers,  until  the  liquid  passes  off  quite  clear.  The 
gluten  of  the  flour  is  left  in  a  pure  state,  the  saccharine 
and  mucilaginous  matters  are  dissolved,  and  the  starch  is 
washed  away  mechanically,  being  deposited  from  the  water 
on  standing  in  the  form  of  a  white  powder.  The  starch  of 
commerce  is  obtained  by  an  analogous  process  from  the  grain 
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ed  from  all  other  substances,  is  iodine.  This  principle  forms 
a  blue  compound  with  starch,  whether  in  a  solid  state  or 
when  dissolved  in  uriil  mater.  '    i    •  - 

Starch  unites  with  the  alkalies,  forming  a  compound  which 
is  soluble  in  water,  and  from  which  the  starch  is  thrown  down 
by  acids.  Strong  sulphuric  acid  decomposes  it.  Nitric  acid 
in  the  cold  dissolves  starch ;  but  converts  it  by  the  aid  of  heat 
into  oxalic  and  malic  acid. 

The  effects  of  heat  on  starch  are  peculiar,  and  have  been 
examined  by  Caventou.  (An.  de  Chem.  et  de  Ph.  xxxi.)  On 
exposing  dry  starch  to  a  temperature  a  little  above  212°  F. 
it  acquires  a  slightly  red  tint,  emits  an  odour  of  baked  bread, 
and  is  rendered  soluble  in  cold  water ;  and  a  similar  modifi- 
cation is  effected  by  the  action  of  hot  water.  Grelatinous 
starch  is  generally  supposed  to  be  a  hydrate  of  starch ;  but 
Caventou  maintains  that  the  jelly  cannot  by  any  method  be 
restored  to  its  original  state.  He  regards  this  modified  starch 
as  identical  with  the  substance  described  by  Saussure  under 
the  name  of  amidine.  Saussure  thought  it  was  generated  by 
exposing  a  paste  made  with  starch  and  water  for  a  long  time 
to  the  air;  but  according  to  Caventou,  the  amidine  was 
formed  by  the  action  of  the  hot  water  on  starch  in  making 
the  paste.  Its  essential  character  is  to  yield  a  blue  colour 
with  iodine,  and  to  be  soluble  in  cold  water.  On  gently 
evaporating  the  solution  to  dryness,  it  becomes  a  transparent 
mass  like  horn,  which  retains  its  solubility  in  cold  water.— > 
To  torrefied  starch,  that  is,  to  starch  thus  modified  by  heat, 
whether  in  the  dry  way  or  by  boiling  water,  the  term  amidine 
may  be  applied. 

When  starch  is  exposed  to  a  still  higher  temperature  than 
is  sufficient  for  its  conversion  into  amidine,  a  more  complete 
change  is  effected.  It  then  assumes  a  reddbh-brown  colour, 
swells  up  and  softens,  dissolves  with  much  greater  fadlity  in 
cold  water,  and  gives  with  iodine  either  a  purple  colour  or 
none  at  all.  In  this  state  it  is  very  analogous  to  gum,  and  is 
employed  by  calico-printers  under  the  name  of  British  gum  : 
but  it  differs  from  real  gum  in  not  yielding  roucic  add  by  di- 
gestion with  nitric  acid.  A  similar  change  may  be  produced 
by  long-continued  ebullition. 

The  starch  from  wheat,  according  to  the  analysis  of  Gay* 
Lussac  and  Thenard,  is  composed,  in  100  parts,  of  carbon 
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43-65,  oxygen  49*68,  and  hydrogen  6*77;  and  this  result 
agrees  with  the  analysis  of  potato  starch  made  by  Berzelius, 
The  results  of  Prout  and  Marcet  correspond  closely  with  the 
for^^ing.  The  proportion  of  the  constituents  of  starch  ia 
therefore  very  analogous  to  that  of  sugar,  a  circumstance 
which  will  account  for  the  conversion  of  the  former  into  the 
latter.  This  change  is  effected  in  seeds  at  the  period  of  ger- 
mination, and  is  particularly  exemplified  in  the  process  of 
malting  barley,  during  which  the  starch  of  that  grain  is  con- 
verted into  sugar.  Proust'  finds  that  barley  contains  a  pecu- 
liar  principle  which  he  calls  hordein,  and  which  be  conceived 
to  be  converted  in  malting  partly  into  starch  and  partly  into 
sugar.  Dr.  Thomson  is  of  opinion  that  hordein  should  rather 
be  regarded  as  a  modification  of  starch  than  ae  a  distinct 
proximate  principle.f  A  umilar  conversion  of  starch  into 
sugar  appears  in  some  instances  to  be  the  effect  of  frost,  as 
in  the  potato,  apple,  and  parsnip. 

If  starch  is  boiled  for  a  considerable  time  in  water  acidu- 
lated with  I-12th  of  its  weight  of  sulphuric  acid,  it  is  wholly 
converted  into  a  saccharine  matter  similar  to  that  of  the 
grape ;  and  thib  change  takes  place  much  more  rapidly  if  the 
temperature  is  a  few  degrees  above  212°  F.  This  fact  was 
first  observed  by  KtrchofF,  and  has  since  been  particulariy 
examined  by  Vogel,  Be  la  Rive,  and  Saussure.  It  has  been 
established  by  Saussure  that  the  oxygen  of  the  air  exerts  no 
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thrown  considerable  light  on  the  cheeiical  nature  of  several 
of  the  amylaceous  principles  of  commerce.  The  Indian 
arrow  rootf  which  is  prepared  from  the  root  of  the  Maranta 
arundinaceaj  has  all  the  characters  of  pure  starch.  Sago, 
obtained  from  the  cellular  substance  of  an  East  Indian  palm 
tree,  {Sagus  farinifera)  and  tapioca  and  cassava,  from  the 
root  of  the  latropha  Manihotj  are  chemically  the  same  sub- 
stance. They  both  exist  in  the  plants  from  which  they  are 
extracted  in  the  form  of  starch ;  but  as  heat  is  employed  in 
their  preparation,  the  starch  is  more  or  less  completely  oon* 
verted  into  amidine.  It  hence  follows  that  pure  potato  starch 
may  be  used  instead  of  arrow  root ;  and  that  the  same  ma- 
terial, modified  by  heat,  would  afford  a  good  substitute  for 
sago  and  tapioca.  Salep,  which  is  obtained  from  the  Orchis 
masculay  consists  almost  entirely  of  the  substance  called  &a«- 
sorin^  together  with  a  small  quantity  of  gum  and  starch. 

When  starch  moistened  with  water  is  digested  with  an 
equal  weight  of  peroxide  of  manganese,  a  volatile  acid,  pos- 
sessed of  an  odour  similar  to  prussic  acid,  passes  over.  Its 
discoverer,  M.  Tunnermann,  who  has  given  it  the  name  of 
amy  lie  acid^  considers  it  a  compound  of  three  equivalents  of 
oxygen  and  2'5  of  carbon ;  but  it  requires  further  examina- 
tion before  being  enumerated  as  a  distinct  acid.  (Journal  of 
Science,  N.  S.  iv.  444.) 

GUM. 

Under  this  name  I  include  all  those  immediate  v^etable 
principles,  which  form  with  water  a  clammy  adhesive  solution 
called  mucilage^  and  which  when  boiled  with  about  four 
times  their  weight  of  nitric  acid  yield  mucic  add.  The  nitric 
acid  used  for  the  production  of  mucic  acid  should  have  a 
density  of  1-339  at  60°  F. 

The  properties  of  gum  are  best  studied  in  pure  specimens 
of  gum  arable,  of  which  it  is  the  principal  ingredient.  It  is 
colourless,  transparent,  inodorous,  and  insipid,  and  when 
dry  it  is  very  brittle,  and  has  a  vitreous  fracture.  When  put 
into  water,  either  hot  or  cold,  it  softens,  and  then  dissolves, 
constituting  mucilage.  It  is  insoluble  in  ether  and  alcohol, 
and  the  former  precipitates  gum  from  its  solution  in  the  form 
of  opaque  white  flakes.  Its  solubility  is  increased  both  by 
acids   and   alkalies.     Strong  sulphuric   acid  decomposes  it. 
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Cftusing  the  formation  of  water  and  acedc  acid,  with  deposi- 
tioD  of  charcoal.  Heated  with  a  quantity  of  nitric  acid 
insufficient  for  the  production  of  mucic  acid,  it  yields  an  acid 
resembling  the  malic.  The  greatest  quantity  of  mucic  acid 
which  can  be  procured  from  pure  gum  is  16*88  per  cent. 
(Ouerin  in  An.  de  Ch.  et  Fb.  xlix.  248.) 

The  aqueous  solution  of  gum  may  be  preserved  a  consider- 
able time  without  alteration ;  but  at  length  it  becomes  sour, 
and  exhales  an  odour  of  acetic  acid,  a  change  which  takes 
place  without  exposure  to  the  air,  and  must  therefore  be 
owing  to  a  new  arrangement  of  its  own  elements. 

Gum  is  precipitated  from  its  solution  in  water  by  several 
metallic  salts,  and  especially  by  sub-acetate  of  lead,  which  oc- 
casions a  curdy  precipitate,  consisting  of  38*25  parts  of  oxide 
of  lead  and  61*76  parts  of  gum.  (Berzelius.)  It  is  also 
thrown  down  by  a  solution  of  silicated  potash,  but  this  test  is 
less  delicate  than  subacetate  of  lead. 

When  gum  is  heated  to  redness  in  close  vessels,  it  yields, 
in  addition  to  the  usual  products,  a  small  quantity  of  ammo- 
nia, owing  to  some  impurity,  probably  gluten,  with  which  it 
it  generally  associated. 

From  the  uialysis  of  Gay-Lussac  and  Thenard,  it  appears 
that  100  parts  of  gum  arable  consist  of  carbon  42*23,  oxygeti 
50-84,  and  hydrogen  6*93.  This  result  corresponds  very 
closely  with  that  of  Berzelius. 
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exactly  the  same  principle  as  gum-arabic'  The  mucilage  of 
linseed,  and  probably  of  most  of  the  mucilaginous  seeds  and 
plants,  possesses  the  essential  characters  of  gum  arable 

Gum  Tragacanthf  the  juice  of  the  Astragalus  gummiferj 
differs  essentially  from  the  pure  gums.  According  to  Guerin 
100  parts  contain  11*1  of  water,  2*5  of  ashes  left  when  the 
gum  is  burned,  53*3  of  pure  gum  soluble  in  cold  water,  and 
identical  with  that  of  gum  arable,  and  33*1  of  bassorin  and 
starch,  which  is  the  part  left  undissolved  by  cold  water. 

The  gum  which  issues  from  several  trees  of  the  genua 
Prunus,  as  from  the  peach,  plum,  apricot,  and  cherry-tree, 
(P,  Cerasus)  was  found  by  Dr.  Bostock  to  yield  mucic  add 
by  the  action  of  nitric  acid.  (Nicholson'^s  Journal,  xviii.) 
M.  Guerin  finds  it  to  be  identical  in  composition  with  gum 
arable.  It  differs,  however,  in  being  insoluble  in  cold  water; 
but  when  boiled  in  that  liquid,  it  is  dissolved,  and  the  solu- 
tion has  all  the  characters  of  pure  mucOage.  In  fact  cherry- 
tree  gum,  which  Guerin  distinguishes  by  the  name  of  Cera- 
siuj  seems  isomeric  with  the  standard  gum,  and  acquires 
identity  of  character  by  the  mere  influence  of  heat. 

The  gelatinous  principle  of  fruits,  such  as  is  derived  from 
the  currant  or  gooseberry,  appears  to  be  very  closely  allied 
to  gum.  It  is  precipitated  from  the  juice  by  free  admixture 
with  alcohol,  forms  a  mucilaginous  solution  with  water, 
though  less  adhesive  than  gum,  is  neutral  to  test  paper,  and 
with  nitric  acid  yields  mucic  and  oxalic  acid.  It  is  disdn- 
guished  however  from  pure  gum  by  being  instantly  converted 
into  pectic  acid  by  the  presence  of  a  fixed  alkali  or  alkaline 
earth :  on  adding  potash,  and  then  an  add,  a  jelly  falls,  poa- 
sessed  of  all  the  characters  of  pectic  acid ;  and  when  baryta 
is  employed,  a  pectate  of  baryta  subsides.  The  jdly  of  frtiits 
is  thus  distinct  from  gum,  and  Braoonnot,  by  whom  these 
facts  were  observed,  proposes  for  it  the  name  otpectuu  (An. 
de  Ch.  et  Ph.  xlvii.  266.) 

LIGNIN. 

Lignin  or  woody  Jibre  constitutes  the  fibrous  structure  of 
vegetable  substances,  and  is  the  most  abundant  principle  in 
plants.  The  different  kinds  of  wood  contain  about  96  per 
cent  of  lignin.  It  is  prepared  by  digesting  the  sawings  of 
any  kind  of  wood  successively  in  alcohol,  water,  and  dilute 
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muriatic  add,  until  all  the  subatances  soluble  in  the  menstnui 
are  removed. 

Ligniu  has  neither  taste  nor  odour,  undergoes  no  change 
hy  keeping,  and  is  insoluble  in  alcohol,  water,  and  the  dilute 
acids.  By  digestion  in  a  concentrated  solution  of  pure  potash, 
it  is  converted,  according  to  M.  Braconnot,  into  a  substance 
similar  to  ulmin.  Mixed  with  strong  sulphuric  acid  it  suiTers 
decomposition,  and  is  changed  into  a  matter  resembling  gum ; 
and  on  bmling  the  liquid  for  some  time  the  mucilage  dis- 
appears, and  a  saccharine  principle  like  the  sugar  of  grapes  is 
generated.  M.  Braconnot  finds  that  several  other  substances 
which  consbt  chiefly  of  woody  fibre,  such  as  straw,  bark,  or 
linen,  yield  sugar  by  a  umilar  treatment.  (An.  de  Ch.  et  de 
Ph.  vol.  xii.)  Digested  in  nitric  acid,  lignia  is  converted 
into  the  oxalic,  malic,  and  acetic  acids. 

The  ligneous  fibre  was  found  by  Oay-Lussac  and  Thenard 
to  consist  of  carbon  €1*43,  oxygen  42*73,  and  hydrogen  5'^ 
According  to  Br.  Frout  it  contains  50  per  cent  of  carbon. 

SECTION  V. 


COLOURING   MATTER. 
iNnNiTB  diversity  exists  in  the  colour  of  vegetable   sub- 
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the  oxides  of  iron  and  tin,  form  with  colouring  matter  in- 
soluble  compounds,  to  which  the  name  of  lakes  is  applied. 
Lakes  are  commonly  obtained  by  mixing  alum  or  pare  muriate 
of  tin  with  a  coloured  solution,  and  then  by  means  of  an  alkali 
precipitating  the  oxide  which  unites  with  the  colour  at  the 
moment  of  separation.  On  this  property  are  founded  many 
of  the  processes  in  dyeing  and  calico-printing.  The  art  of 
the  dyer  consists  in  giving  an  uniform  and  permanent  colour 
to  cloth.  This  is  sometimes  effected  merely  by  immersing  the 
cloth  in  the  coloured  solution  ;  whereas  in  other  instances  the 
affinity  between  the  colour  and  the  fibre  of  the  doth  is  so 
slight,  that  it  only  receives  a  stain  which  is  removed  by 
washing  with  water.  In  this  case  some  third  substance  is 
requisite,  which  has  an  affinity  both  for  the  doth  and  colour- 
ing matter,  and  which,  by  combining  at  the  same  time  with 
each,  may  cause  the  dye  to  be  permanent.  A  substance  of 
this  kind  was  formerly  called  a  mordaunt ;  but  the  term  Ams, 
introduced  by  the  late  Mr.  Henry  of  Manchester,  is  now 
more  generally  employed.  The  most  important  bases,  and 
indeed  the  only  ones  in  common  use,  are  alumina,  oxide  of 
iron,  and  oxide  of  tin.  The  two  fonner  are  exhibited  in  com- 
bination either  with  the  sulphuric  or  acetic  add,  and  the  latter 
most  commonly  as  the  muriate.  Those  colouring  substances 
that  adhere  to  the  cloth  without  a  basis  are  called  subsiatUive 
colours,  and  those  which  require  a  basis,  adftctive  colours.. 

Various  as  are  the  tints  observable  in  dyed  stuffis,  tbeymay 
all  be  produced  by  the  four  simple  ones,  blue^  red,  yellow, 
and  black ;  and  hence  it  will  be  convenient  to  treat  of  cdour- 
ing  matters  in  that  order. 

Blue  Dyes. — Indigo  is  chiefly  obtained  from  an  American 
and  Asiatic  plant,  tha  indigofera^  several  species  of  which  are 
cultivated  for  the  purpose.  It  is  likewise  extracted  from  the 
Nerium  tinctorium ;  and  an  inferior  sort  is  prepared  firom  the 
Isatis  tincloria  or  woad^  a  native  of  Europe.  Two  different 
methods  are  employed  for  its  extraction.  In  one,  the  recent 
plant,  cut  a  short  time  before  its  flowering,  is  placed  in  bun- 
dles in  a  steeping  vat,  where  it  is  kept  down  with  cross  bars  of 
wood,  and  covered  to  the  depth  of  an  inch  or  two  with  water. 
In  a  short  time  fermentation  sets  in,  carbonic  add  gaa  is 
freely  disengaged,  and  a  yellow  solution  is  formed.  In  the 
course  of  ten  or  twelve  hours,  when  its  surface  begins  to  look 
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green  from  the  mixture  of  blue  indigo  with  tbe  yellow  9oIu> 
tion,  it  is  drawn  off  into  the  beating  vat,  where  it  is  agitated 
with  paddles,  until  all  the  colouring  matter  is  oxidized  by 
absorbing  oxygen  from  the  atmosphere,  and  is  deposited  in 
the  form  of  blue  insoluble  indigo.  The  other  method  consists 
in  drying  the  leaves  like  hay,  removing  the  leaf  from  its  stalk 
by  threshing,  and  grinding  the  former  into  powder,  in  which 
state  it  is  preserved  for  use.  The  dye  is  then  extracted  either 
by  maceration  in  water  at  the  temperature  of  the  air,  and  fer- 
mentation ;  or  by  digestion  in  water  at  150°  or  180°  F., 
without  being  fermented.  In  either  case  it  is  beaten  with 
paddles  as  before.  (Ure  in  Joum.  of  Science,  N.  S.  vi.  259.) 
The  process  of  fermentation,  by  some  thought  essential,  may 
be  dispensed  with.  According  to  Mr.  Weston,  however,  the 
dye,  as  contained  in  the  plant,  is  insoluble  in  cold  water ;  but 
by  exposure  to  the  air  it  undergoes  a  change,  in  which  oxygen 
acts  a  part,  and  by  which  it  is  rendered  soluble  in  water. 
(Joum.  of  Science,  N.  S.  v.  296.) 

The  indigo  of  commerce,  which  occurs  in  cakea  of  a  deep 
blue  colour  and  earthy  aspect,  is  a  mixed  substance  con- 
taining, in  addition  to  salts  of  magnesia  and  lime,  the  four 
following  ingredients: — 1.  a  glutinous  matter;  2.  indigo- 
brown  ;  3.  indigo-red ;  4.  indigo-blue.  (Berzelius  in  Lehr- 
bucb,  iii.  67a) 

1.  The  gluten  is  obtained  by  digesting  finely  pulverized 
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filtered.  The  solution  has  a  green  tint,  owing  to  some  io- 
digo-blue  being  dissolved,  and  with  sulphuric  acid  yields  a 
bulky  semi-gelatinous  precipitate  of  a  blackish  colour.  By 
dissolving  it  in  solution  of  carbonate  of  ammonia^  evaporating 
to  dryness,  and  removing  the  soluble  parts  by  a  small  quan- 
tity of  water,  the  brown  matter  is  freed  from  indigo-blue  and 
sulphuric  acid.  It  still,  however,  contains  ammonia,  and 
though  this  alkali  may  be  expelled  by  means  of  hydiated 
lime  or  baryta,  the  indigo-brown  retains  some  of  the  earth  in 
combination.  Like  indigo-gluten  it  contains  a  considerable 
quantity  of  nitrogen  as  one  of  its  elements.  The  indigo-green 
of  Chevreul  is  probably  a  mixture  of  this  substance  with 
indigo-blue. 

3.  Indigo-red  is  obtained  by  boiling  indigo,  previously  pu- 
rified by  potash,  in  successive  portions  of  strong  alcohol  as 
long  as  a  red  solution  is  obtained.  The  alcoholic  solutions 
are  then  concentrated  by  evaporation,  during  which  the  in- 
digo-red is  deposited  as  a  blackish-brown  powder.  The  con- 
centrated solution,  of  a  deep-red  colour,  yields  by  evaporation 
a  compound  of  indigo-red  and  iodigo-brown  with  alkali, 
which  is  soluble  in  water. 

Indigo-red  is  insoluble  in  water  and  alkalies;  but  it  is 
soluble,  though  sparingly,  in  hot  alcohol,  and  rather  mote 
freely  in  ether.  It  dissolves  in  strong  sulphuric  acid,  and 
forms  a  dark  yellow  liquid  ;  and  with  nitric  add  it  yields  a 
beautiful  purple  solution,  which  speedily  becomes  yellow  by 
decomposition.  When  heated  lit  vacuo  it  yidds  a  gray  crya- 
talline  sublimate,  which,  when  purified  by  a  second  sublima- 
tion, is  obtained  in  minute  transparent  needles,  shining,  and 
white.  This  substance,  in  its  relation  to  reagents,  reaemUes 
indigo-red ;  and  *  especially  by  yielding  wiUi  nitric  add  a 
similar  purple-red  solution,  which  subsequently  becomes 
yellow. 

4.  Indigo-blue. — This  term  is  applied  to  the  real  colouring 
matter  of  indigo,  and  is  left,  though  not  quite  pure,  after  act- 
ing on  common  indigo  with  dilute  add,  potash,  and  alcohoL 
It  is  conveniently  prepared  from  the  greenish-yellow  scdution, 
which  dyers  make  by  mixing  indigo  with  green  vitriol,  hy- 
drate of  lime,  and  water ;  when  the  indigo  is  deoxidized  by 
the  protoxide  of  iron,  and  yields  a  soluble  compound  with 
lime.    On  pouring  this  solution  into  an  excess  of  muriatic 
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residue  is  added  alcohol  of  0*833,  which  dissolves  only  the 
hyposulphate. 

The  compounds  of  indigo  with  sulphuric  and  hyposiil- 
phuric  acid  are  considered  by  Berzdius,  not  as  salts  in  which 
indigo  acts  as  a  base,  but  as  distinct  acids  of  which  indigo  is 
an  essential  ingredient.  Indigo^sulphurk  acid,  as  sulphate  of 
indigo  may  therefore  be  called,  is  prepared  by  mixing  indigo- 
T      ,  ^  sulphate  of  ammonia  with  acetate  of  lead,  when  indigo-sul* 

^ ^  ,     '  phate  of  lead  subsides.     This  salt  is  suspended  in  water,  and 

n^  >>  'A,^'j^^-y  V'ttecbmposed  by  sulphuretted  hydrogen :  the  sulphuret  cSlead 
_  oi^^-*-^  jg  collected  on  a  filter;  and  the  filtered  solution,  at  first 

colourless  or  nearly  so,  owing  to  deoxidation  of  indigo  by  sul- 
phuretted hydrogen,  but  which  soon  becomes  blue  by  the 
action  of  the  air,  is  evaporated  at  a  temperature  not  exceed* 
ing  122°  F.  The  acid  is  left  as  a  dark  blue  solid,  of  a  sour 
astringent  taste,  soluble  in  water  and  alcohol,  and  capaUe  ot 
forming  a  distinct  group  of  salts  with  alkalies.  IndigoJiypo^ 
sulphuric  acid  may  be  prepared  by  a  similar  process. 

One  of  the  most  remarkable  characters  of  indigo-blue  is  its 
susceptibility  of  being  deoxidized,  and  thus  returning  to  the 
state  in  which  it  appears  to  exist  in  the  plant,  and  of  again 
recovering  its  blue  tint  by  subsequent  oxidation.    The  change 
is  effected  by  various  deoxidissing  agents,  such  as  sulphuretted 
hydrogen,  hydrosulphuret  of  ammonia,  hydrated  protoxide  of 
iron,  or  solution  of  orpiment  in  potash.     In  the  deoxidized 
state  it  readily  unites  with  alkaline  substances,  such  as  potash 
or  lime,  and  forms  compounds  which  are  very  soluble  in  water. 
The  method  by  which  dyers  prepare  their  blue  vat  is  founded 
on  these  properties.     A  portion  of  indigo  is  put  into  a  tub 
with  about  three  times  its  weight  of  green  vitriol  and  an 
equal  quantity  of  slaked  lime,  and  water  is  added.     The  pro- 
toxide of  iron,  precipitated  by  lime,  gradually  deoxidises  the 
indigo,  and  in  the  course  of  a  day  or  two  a  yellow  solution  is 
obtained.     When  cotton  cloth  is  moistened  with  this  liquid 
and  exposed  to  the  air,  it  speedily  becomes  green  from  the 
mixture  of  colours,  and  then  blue ;  and  as  the  blue  indigo  is 
insoluble,  and  unites  chemically  with  the  fibre  of  the  cloth, 
the  dye  is  permanent. 

Deoxidized  indigo  has  been  obtained  in  a  separate  state  bj 
Liebig.  A  mixture  is  made  with  1*5  parts  of  indigo,  2  of 
green  vitriol,  2*5  of  hydrate  of  lime,  and  50  or  60  of  water  ; 
and  after  an  interval  of  24  hours  the  yellow  solution  is  care* 


COLOURINO   HATTBRS.  S27 

fully  (Inira  off  by  a  lyphon,  and  mixed  with  dilute  muriatic 
acid.  A  thick  white  precipitate  falls,  which  remains  without 
change  if  carefully  excluded  from  ozyg«i,  and  may  even  be 
exposed  to  the  air  when  quite  dry ;  but  it  rapidly  becomea 
blue  by  exposure  to  the  atmosphere  while  moist,  or  by  being 
covered  with  aerated  water.  To  this  substance  Liebig  has 
applied  the  name  of  indigogene :  and  he  has  ascertained  that> 
in  passing  into  blue  indigo,  it  absorbs  11-5  per  cent  of  oxy- 
gen. The  necessity  for  perfectly  excluding  every  source  of 
oxygen  renders  the  preparation  of  indigogene  difficult.  All 
the  vessels  employed  in  the  process  should  be  filled  with  hy. 
drogen  gas,  the  water  l>e  freed  from  air  by  boiling,  and  as  a 
further  protection  a  little  sulphite  of  ammonia  is  added  both 
to  the  add  by  which  the  precipitate  is  made,  and  to  the  water 
with  which  it  is  washed. 

From  the  analytical  researches  of  Mr.  Crum,  it  appears 
that  indigo  is  composed  of  nitrogen,  oxygen,  hydrogen,  and 
carbon,  in  the  proportion  of  1  equivalent  of  the  first  element. 
2  of  the  second,  4  of  the  third,  and  16  of  the  fourth.  This 
would  make  its  atomic  weight  130 ;  but  it  admits  of  doubt 
whether  the  indigo  analyzed  by  Mr.  Crum  was  absolutely 
pure. 

Red  Di/ts. — The  chief  substances  which  are  employed  for 
the  red  dye  are  cochineal,  lac,  archil,  madder,  Brazil  woodf 
logwood,  and  safflower,  all  of  which  are  adjective  colours. 
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The  colouring  principle  of  logwood  has  been  procured  in  a 
separate  state  by  Chevreul,  who  has  applied  to  it  the  name 
of  hematin.  (An.  de  Gh.  Ixxxi.)  It  is  obtained  in  crystals 
by  digesting  the  aqueous  extract  of  logwood  in  alcohol,  and 
allowing  the  alcoholic  solution  to  evaporate  spontaneously. 

Safflower  is  the  dried  flowers  of  the  carthamus  tinctorius^ 
which  is  cultivated  in  Egypt,  Spain,  and  in  some  parts  of  the 
Levant.     The  pigment  called  rouge  is  prepared  from  this  dye. 

Madder,  extensively  employed  in  dyeing  the  Turkey  red^ 
is  the  root  of  the  Rubia  tinctorum.  A  red  substance,  sup- 
posed to  be  the  chief  colouring  principle  of  the  plant,  has 
been  obtained  in  an  insulated  state  by  Robiquet  and  CoIiD, 
who  have  termed  it  Alizarine^  from  Ali-zari^  the  commercial 
name  by  which  madder  is  known  in  the  Levant.  Their  pro- 
cess has  received  the  following  modification  by  Zenneck.  Ten 
parts  of  madder  are  digested  in  four  of  sulphuric  ether,  the 
solution  is  evaporated  to  the  consistence  of  syrup,  and  then 
allowed  to  become  dry  by  spontaneous  evaporatioo.  The 
residue  is  pulverized,  and  sublimed  by  a  gentle  heat  from  a 
watch  glass.  The  sublimate,  which  is  collected  by  covering 
the  watch  glass  with  a  cone  of  paper,  is  deposited  in  the 
form  of  yellowish  red,  brilliant,  diaphanous,  acicular  crystals, 
which  are  soft,  flexible,  and  heavier  than  water.  They  soften 
when  heated,  and  sublime  at  a  temperature  between  500  and 
600^  F.,  causing  an  aromatic  odour.  They  are  nearly  in- 
soluble in  cold  and  very  sparingly  soluble  in  hot  water.  They 
require  for  solution  210  times  their  weight  of  alcohol,  and  160 
of  ether  at  60^  F.  According  to  Zenneck  the  addity  of 
alizarine  is  very  decisive,  both  in  its  sour  taste,  and  its  power 
of  neutralizing  alkalies.  It  consists,  in  100  parts,  of  18  of 
carbon,  20  of  hydrogen,  and  62  of  oxygen.  (Journal  of 
Science,  N.  S.  v.  198.) 

Yellow  Dyes. — The  chief  yellow  dyes  are  quercitron  bark, 
turmeric,  wild  American  hiccory,  fustic,  and  saffron ;  all  of 
which  are  adjective  colours.  Quercitron  bark,  which  is  one 
of  the  most  important  of  the  yellow  dyes,  was  introduced  into 
notice  by  Dr.  Bancroft.  With  a  basis  of  alumina,  the  de- 
coction of  this  bark  gives  a  bright  yellow  dye.  With  oxide 
of  tin  it  communicates  a  variety  of  tints,  which  may  be  made 
to  vary  from  a  pale  lemon  colour  to  deep  orange.  With 
oxide  of  iron  it  gives  a  drab  colour. 
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f^  gall-nil ts  for  some  time  to  the  air,  nearly  all  the  tannin 
disappears,  and  a  quantity  of  gallic  add  is  found  in  the 
liquid  much  greater  than  that  which  it  had  originally  contain- 
ed.    (Page  763.) 

Several  methods  have  been  proposed  for  preparing  tannin ; 
but  the  following  process  of  Berzelius,  modified  in  the  first 
part  by  Mr.  Warrington,  is  the  most  convenient.  Gall-nuts, 
in  coarse  powder,  are  digested  in  water  so  as  to  form  a  rather 
concentrated  solution,  and  the  decanted  liquid  is  treated  with 
a  little  white  of  eggs  until  the  colour  changes  from  a  brown 
to  a  pale  yellow,  when  it  is  filtered.  When  ccdd,  oonceD- 
trated  sulphuric  acid  is  added  as  long  as  a  precipitate  falls; 
and  by  preserving  the  solution  for  a  few  days  an  additional 
quantity  is  obtained.  The  precipitate,  of  a  yellowish  white 
colour,  consisting  of  sulphuric  add  and  tannin,  is  then  washed 
with  dilute  sulphuric  add,  pressed  in  folds  of  bibulous  paper, 
dissolved  in  pure  water,  and  macerated  with  carbonate  of  lead 
in  fine  powder.  Sulphate  of  lead  is  thus  formed,  and  is  sepa- 
rated by  filtration  from  the  pale  yellow  solution  of  tannin, 
which  should  be  evaporated  in  vacuo  with  a  vessel  of  sulphuric 
acid.  A  hvd  yellowish  brown  extract  remains ;  and  on  dis- 
solving the  soluble  portions  in  ether,  and  evaporating  spointa- 
neously,  pure  taa^in  is  left. 

Another  process,  lecommended  by  Berselius,  is  to  predpi- 
tate  tannin  with  a  conceiitrated  solution  of  carbonate  of  potash, 
avoiding  an  excess  of  the  alkali  which  would  redissolve  the 
precipitate.  The  white  compound  of  tannin  and  potash  is 
washed  with  ice-cold  water,  dissolved  in  dilute  acetic  add, 
filtered,  and  mixed  with  acetate  of  lead.  The  predpttate, 
which  consists  of  oxide  of  lead  and  tannin,  is  carefully  washed, 
suspended  in  water,  and  decomposed  by  sulphuretted  hydro- 
gen. The  filtered  solution  of  tannin  is  then  evaporated  and 
purified  by  ether,  as  already  mentioned. 

Pure  tannin  is  colourless  and  inodorous,  has  an  astringent 
taste,  is  unchangeable  in  the  air,  and  may  be  rubbed  into 
powder.  It  is  soluble  in  water,  and  the  solution  reddens 
litmus.  It  is  dissolved  also  by  ether,  and  with  the  aid  of  heat 
by  absolute  alcohol.  By  exposure  to  the  air  it  becomes  yellow, 
yellowish  brown,  and  dark  brown ;  and  when  evaporated  to 
the  consistence  of  an  extract,  a  portion  of  it  is  rendered  in* 
soluble.     The  infusion  of  gall-nuts  owes  its^  colour  chiefly  to 
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this  cause;  and  tbe  for^;oing  directioos  to  evaporate  ia  vacuo 
ore  given  with  the  view  of  avoiding  tbe  agency  of  air.  With 
acids,  it  forms  compounda  of  spariag  solubility,  which,  when 
saturated,  are  purely  astringent  in  taste  without  any  acidity. 
Alkaline  bases  have  a  similar  effect.  Tannin  is  precipitated, 
for  example,  by  the  carbonates  of  potash  and  ammonia,  by 
the  alkaline  earths,  by  alumina,  and  many  of  the  .oxides  of  the 
common  metals.  Nitric  acid  and  chlorine  decompose  (annin, 
producing  a  change,  the  nature  of  which  is  not  well  under- 
stood. 

The  most  characteristic  property  of  tannin  is  its  action  on  a 
salt  of  iron  and  a  solution  of  gelatine.  With  peroxide  of  iron, 
or  still  better  with  the  protoxide  and  peroxide  mixed,  tannin 
fonns  a  black-ctdoured  compound,  which,  together  with  gallate 
td  iron,  constitutes  the  bads  of  writing  ink  and  the  black  dyes. 
(Page  753.)  Mixed  with  a  solution  of  gelatine,  a  yellowirii 
flocculent  predpitate  subsides,  which  is  insoluble  in  water, 
resists  putrefaction  powerfully,  and  on  drying  becomes  hard 
and  tough.  This  substance,  to  which  the  name  of  tanm^ 
gelatine  has  been  applied,  is  the  essential  basis  of  leather, 
being  always  formed  when  skins  are  macerated  in  an  infusion 
of  bark.  The  composition  of  tanno-gelatine  is  not  always 
uniform,  having  been  found  by  Or.  Duncan,  jun.,  and  Dr. 
Bostock,  to  vary  with  the  proportions  employed.  If  the  gels- 
tine  is  added  in  slight  excess  only,  the  resulting  compound 
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fiources.  These  various  kinds  of  tannin  correspond  in  most 
respects,  but  in  some  points  a  difference  is  observable.  This 
may  be  traced  in  their  action  on  the  salts  of  iron,  with  which, 
instead  of  striking  a  black  or  bluish-black  tint,  as  solution  of 
gall-nuts  or  oak-bark  does,  some  varieties  of  tannin  give  a 
green  colour. 

Artificial  Tannin. — This  interesting  substance  was  disco- 
vered  twenty  years  ago  by  Mr.  Hatchett,  who  gave  a  full 
description  of  it  in  the  Philosophical  Transactions  for  1805 
and  1806.  The  best  method  of  preparing  it  is  by  the  action 
of  nitric  acid  on  charcoal.  For  this  purpose  100  grains  of 
charcoal  in  fine  powder  are  digested  in  an  ounce  of  nitric  acid, 
of  density  1*4,  diluted  with  two  ounces  of  water.  The  mix- 
ture is  exposed  to  a  gentle  heat,  which  is  to  be  continued 
until  all  the  charcoal  is  dissolved.  The  reddish-brown  solu- 
tion is  then  evaporated  to  dryness,  in  order  to  expel  the  pure 
add,  the  temperature  being  carefully  regulated  towards  the 
close  of  the  process,  so  that  the  product  may  not  be  de- 
composed. 

Artificial  tannin  is  a  brown  fusible  substance,  of  a  resuious 
fracture,  and  astringent  taste.  It  is  soluble  even  in  cold  water 
and  in  alcohol.  It  reddens  litmus  paper,  probably  from  ad- 
hering nitric  acid.  With  a  salt  of  iron  and  solution  of  gdatine 
it  acts  precisely  in  the  same  manner  as  naturd  tannin.  It 
differs,  however,  from  that  substance  in  not  being  decomposed 
by  the  action  of  strong  nitric  add. 

Artificial  tannin  may  be  prepared  in  several  ways.  Thus 
it  is  generated  by  the  action  of  nitric  add,  both  on  animal  or 
vegetable  charcoal,  and  on  pit-coal,  asphaltum,  jet,  indigo, 
common  resin,  and  several  other  resinous  substances.  It  is 
also  procured  by  treating  common  resin,  demi,  asafcetida, 
camphor,  balsams,  &c.  first  with  sulphuric  add,  and  then 
with  alcohol. 

VEGETABLE  ALBUMEN.   GLUTEN.   TEAST. 

Vegetable  il/6um€/i.— Under  this  name  is  distinguished  a 
vegetable  principle  which  has  a  close  resemblance  to  animal 
albumen,  especially  in  the  characteristic  property  of  being 
coagulable  by  heat.  This  substance  was  found  by  Vogel  in 
the  bitter  almond,  and  in  the  sweet  almond  by  BouUay  ;  it 
appears  to  be  an  ingredient  of  emulsive  seeds  generally  ;  and 
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it  exists  in  the  sap  of  many  plants.  Eiuhuf  detected  it  in 
wheat,  rye,  barley,  peas,  and  beans.  Vegetable  albumen  is 
solublt;  in  cold  water,  but  by  a  boiling  temperature  it  is  co- 
agulated, and  thus  completely  deprived  of  its  solubility.  It 
is  insoluble  in  alcohol,  and  very  sparingly  soluble  in  acids- 
Alkalies  dissolve  it  readily,  and  it  may  be  precipitated  from 
them  by  acids ;  but  the  albumen  falls  In  combination  with  a 
portion  of  the  acid.  Ferrocyanate  of  potash  and  corrosive 
sublimate  act  upon  it  as  on  solutions  of  animal  albumen. 

Vegetable  albumen  contains  nitrogen  as  one  of  its  elements, 
and  is  very  prone,  when  kept  in  the  moist  state,  to  undergo 
the  putrefactive  fermentation,  emitting  an  offensive  odour, 
with  disengagement  of  ammonia  and  formation  of  acetate  of 
ammonia.  During  a  certain  period  of  putrefaction  it  has  the 
odour  of  old  cheese.     (Berzelius.) 

Gluten— In  the  separation  of  starch  from  wheat  flour,  as 
already  described  (page  81S),  a  gray  viscid  substance  remains, 
fibrous  in  its  texture,  and  elastic  Beccaria,  who  first  care- 
fully examined  its  properties,  was  struck  with  its  analogy  to 
glue,  both  in  its  viscidity  as  well  as  its  tendency  to  putrefy 
like  animal  matter,  and  gave  it  the  name  of  vegetable  gluten. 
Einhof  has  since  shown  that  this  gluten  is  a  mixed  substance, 
containing  gluten  and  vegetable  albumen. 

Pure  gluten  is  obtained  by  washing  dough  in  water  until 
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In  this^  state,  however,  it  is  combined  with  some  of  the  add. 
(BerzeliuB.) 

When  gluten  is  kept  in  a  warm  moist  situation  it  ferments, 
and  an  acid  is  formed ;  but  in  a  few  days  putrefaction  ensues, 
and  an  o£Pensive  odour,  like  that  of  putrefying  animal  matter, 
is  emitted.  According  to  Proust,  who  made  these  sponta- 
neous  changes  a  particular  object  of  study,  the  process  is 
divisible  into  two  distinct  periods.  In  the  first,  carbonic 
acid  and  hydrogen  gases  are  evolved ;  and  in  the  second,  be- 
sides acetic  and  phosphoric  acids  and  ammonia,  two  new  com- 
pounds are  generated,  for  which  he  proposed  the  names  of 
caseic  add  and  caseous  oxide.  These  are  the  same  principles 
which  are  generated  during  the  fermentation  of  the  curd  of 
milk,  and  their  real  nature  will  be  considered  in  the  section 
on  milk.  It  is  apparent  from  these  circumstances  that  gluten 
contains  nitrogen  as  one  of  its  elements,  and  that  it  approaches 
closely  to  the  nature  of  animal  substances.'  It  has  hence 
been  called  a  vegeto-animal  principle. 

If  gluten  is  dried  by  a  gentle  heat,  it  contracts  in  volume, 
becomes  hard  and  brittle,  and  may  in  this  state  be  preserved 
without  change.  Exposed  to  a  strong  heat  it  yields,  in  ad* 
dition  to  the  usual  inflammable  gases,  a  thick  fetid  oU,  and 
carbonate  of  ammonia. 

Oluten  is  present  in  most  kinds  of  grain,  such  as  wheat, 
barley,  rye,  oats,  peas,  and  beans ;  but  the  first  contains  it  in 
by  far  the  largest  proportion.  This  is  the  reason  that  wheaten 
bread  is  more  nutritious  than  that  made  with  other  kinds  of 
flour;  for  of  all  vegetable  substances  gluten  appears  to  be 
the  most  nutritive.  It  is  to  the  presence  of  gluten  that  wheat 
flour  owes  its  property  of  forming  a  tenacious  paste  with 
water.  To  the  same  cause  is  owing  the  formation  of  l^ht 
spongy  bread ;  the  carbonic  acid  which  is  disengaged  during 
the  fermentation  of  dough,  being  detained  by  the  viscid 
gluten,  distends  the  whole  mass,  and  thus  produces  the  rtssmg 
of  the  dough.  From  the  experiments  of  Sir  H.  Davy,  it 
appears  that  good  wheat  flour  contains  from  19  to  24  per 
cent  of  gluten.  The  wheat  grown  in  the  south  of  Europe  is 
richer  in  gluten  than  that  of  colder  climates. 

M.  Taddey,  an  Italian  chemist,  has  given  an  account  of 
two  principles  separable  from  the  gluten  of  Beccaria  by 
means  of  boiling  alcohol.     To  the  substance  soluUe  in  alco» 


h(4  be  has  applied  the  name  of  gUadine,  from  yXfci,  gluten; 
and  to  the  other  that  of  zymome,  from  Cufi^,  a  ferment.  (An. 
of  Phil.  XV.)  For  the  latter  he  has  discovered  a  delicate  test 
in  the  powder  of  guaiacum,  which  when  rubbed  in  a  mortar 
with  moist  zymome,  instantly  strikes  a  beautiful  Uue  colour; 
and  the  same  tint  appears,  though  less  rapidly,  when  it  la 
kneaded  with  gluten  or  dough  made  with  good  wheat  flour. 
But  with  bad  flour,  the  gluten  of  which  has  suffered  sponta^ 
neous  decomposition,  the  blue  tint  is  scarcely  visible ;  and  ac- 
cordingly M.  Tadd^conceives  that  useful  inferences  as  to  the 
quality  of  flour  may  be  drawn  from  the  action  of  guaiacum. 

These  views  have  been  criticized  by  Berzelius,  who  declares 
that  the  substances  described  by  Tadde^  are  nothing  else 
than  the  gluten  and  vegetable  albumen  already  described ; 
and  the  habitual  accuracy  of  Berzelius  leaves  little  chance  of 
error  in  his  statement.  The  blue  tint,  above  alluded  to,  must 
have  arisen  from  the  action  of  guaiacum  either  on  vegetable 
albumen  itself,  or  on  some  substance  by  which  it  is  accom- 
panied in  wheat.  (An.  of  Phil.  iv.  69,  or  L(^rbuch,  iii.  362.) 

Yeast. — This  substance  is  always  generated  during  the 
vinous  fermentation  of  vegetable  juices  and  decoctions,  rising 
to  the  surface  in  the  form  of  a  frothy,  flocclilent,  somewhat 
viscid  matter,  the  nature  and  composition  of  which  are  un- 
known. It  is  insoluble  in  water  and  alcohol,  and  in  a  warm, 
moist  atmosphere  gradually  putrefies,  a  sufficient  proof  that 
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ASPARAGIN,  BASSORIN,  CAFFEIN,  CATHARTIN,  FUXGIN, 
SUBERIN,  ULMIN,  LUPULIN,  INULIN,  MEDULLIN,  POL- 
LENIN,  PIPERIN,  OLIVILE,  SARCOCOLL,  EXTRACTIVE 
MATTER,   BITTER    PRINCIPLE,    &C. 

Asparagin. — This  principle  was  discovered  by  Vauquelin 
and  Robiquet  in  the  juice  of  the  asparagus,  from  which  it  is 
deposited  in  crystals  by  evaporation.  The  form  of  its  crys- 
tals is  a  rectangular  octohedron,  six  sided  prism,  or  right 
rhombic  prism.  Its  taste  is  cool  and  slightly  nauseous,  it  is 
soluble  in  water,  and  has  neither  an  acid  nor  alkaline  reaction. 
(An.  de  Ch.  Ivii.  88.) 

Asparagin  is  contained  also  in  the  root  of  marsh-mallow  and 
liquorice.  Rdbiquet,  who  first  obtained  it  from  the  juice  of 
the  recent  liquorice  root,  doubted  its  identity  with  asparagin, 
and  gave  it  the  name  of  agedoite  ;  but  the  mistake  has  been 
corrected  by  M.  Plisson. 

Plisson  has  noticed  that  when  asparagin  is  boiled  for  some 
time  with  hydrate  of  lead  or  magnesia,  it  is  resolved  into  am- 
monia and  a  new  acid  called  the  aspartic.  On  decomposing 
aspartate  of  lead  by  sulphuretted  hydrogen,  and  evaporating 
the  filtered  solution,  the  acid  is  obtained  as  a  colourless  pow- 
der composed  of  minute  prismatic  crystals.  It  has  little  taste, 
is  sparingly  soluble  in  cold  water,  and  still  less  so  in  alcohol. 
Its  aqueous  solution  is  not  precipitated  by  the  soluble  salts  of 
baryta,  lime,  lead,  magnesia,  copper,  mercury,  or  silver. 
The  aspartates,  when  the  taste  of  the  base  does  not  interfere, 
have  the  taste  of  the  juice  of  meat.  It  yields  ammonia  when 
decomposed  by  heat.     (An.  de  Ch.  et  Ph.  xxxv.  175,  and  xL 

309) 

Bassorin  was  first  noticed  in  gum  Bassora  by  Vauquelin. 
It  is  an  ingredient  of  gum  tragacanth,  (page  820)  and  pro- 
bably occurs  in  other  gums.  Salep,  from  the  experiments  of 
Caventou,  appears  to  consist  almost  totally  of  bassorin. 

Bassorin  is  characterized  by  forming  with  cold  water  a 
bulky  jelly  which  is  insoluble  in  that  menstruum»  as  wdl  as 
in  alcohol  and  ether.  Boiling  water  does  not  dissolve  it  ex- 
cept by  long.continued  ebullition,  when  the  bassorin  at  length 
disappears,  and  is  converted  into  a  substance  similar  to  gum- 
arabic. 

Caffein  was  discovered  in  cofiee  by  Robiquet  in  the  year 
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1831,  and  was  soon  after  obtained  from  the  same  source  by 
Pelletier  and  Caventou,  without  a.  knowledge  of  the  dis- 
covery  of  Robiquet.  (An.  of  Phil.  N.  S.  xii.)  It  is  best 
prepared  hy  making  an  aqueous  decoctioD  of  bruised  raw 
coffee,  adding  subacetate  of  lead  as  long  as  a  precipitate  falls, 
by  which  means  a  large  quantity  of  extractive  and  colouring 
matter  is  thrown  down,  and  then  precipitating  the  excess  of 
lead  by  sulphuretted  hydrogen.  The  cafiein,  which  is  left  in 
solution,  is  ultimately  obtained  in  crystals  by  evaporation. 
Pfaff  and  Liebig  recommend  that  it  should  be  decolorized 
by  digestion  with  animal  charcoal  together  with  some  moist 
hydrate  of  lead. 

Caffein  is  a  white  crystalline  volatile  matter,  sparingly  solu- 
ble in  cold  water,  but  very  soluble  in  boiling  water  and  alco- 
hol, and  ia  deposited  from  these  solutions  as  they  cool,  in  the 
form  of  silky  filaments  like  amianthus.  Pelletier,  contrary 
to  the  opinion  of  Robiquet,  at  first  regarded  it  as  an  alkaline 
base ;  but  he  now  admits  that  it  doex  not  affect  the  vegetable 
blue  colours,  nor  combine  with  acids.  From  a  late  analysis 
by  Pfaff  and  Liebig,  made  with  a  purer  specimen  than  that 
analyzed  by  Pelletier  and  Dumas,  caffein  is  composed  of  48 
parts  or  8  equivalents  of  carbon,  5  parts  or  5  equivalents  of 
hydrogen,  28  or  2  equivalents  of  nitrogen,  and  16  or  2  equi- 
valents of  oxygen.  (An.  de  Ch.  et  Ph.  xlix.  303.)  Though 
it  contains  more  nitrogen  than  most  animal  substances,  it 
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principles  by  yielding  the  suberic  when  treated  by  nitric 
acid. 

Ulmiuy  discovered  by  Klaproth,  is  a  substance  which  exudes 
spontaneously  from 'the  elm,  oak,  chestnut,  and  other  trees; 
and  according  to  Berzelius  it  is  a  constituent  of  most  kinds  of 
bark.  It  may  be  prepared  by  acting  upon  elm-bark  by  hot 
alcohol  and  cold  water,  and  then  digesting  the  residue  in 
water,  which  contains  an  alkaline  carbonate  in  solution.  On 
neutralizing  the  alkali  with  an  acid,  the  ulmin  is  precipitated. 

Ulmin  is  a  dark  brown,  nearly  black  substance,  is  insipid 
and  inodorous,  and  is  very  sparingly  soluble  in  water  and 
alcohol.  It  dissolves  freely,  on  the  contrary,  in  the  solution 
of  an  alkaline  carbonate,  and  is  thrown  down  by  an  add. 
Ulmin  is  regarded  as  an  acid  by  M.  P.  BouUay,  who  has  pro- 
posed for  it  the  name  of  ulmic  acid.  He  found  that  100 
parts  of  it  contain  56*7  of  carbon,  and  43*3  of  oxygen  and 
hydrogen  in  the  proportion  to  form  water.  According  to  him 
it  is  an  ingredient  of  vegetable  mould  and  turf,  and  contri- 
butes much  to  the  growth  of  plants.  The  black  matter  de- 
posited during  the  decomposition  of  prussic  acid,  supposed  by 
6ay-Lussac  to  be  a  carburet  of  nitrogen,  is  an  acid  very  simi- 
lar to  the  ulmic,  and  to  which  he  has  given  the  name  of  azul- 
mic  acid.     (An.  de  Ch.  et  Ph.  xliii.  273.) 

Lupulin  is  the  name  applied  by  Dr.  Ives  to  the  active  prin- 
ciple of  the  hop,  but  which  has  not  yet  been  obtained  In  a 
state  of  purity. 

Inulin  is  a  white  powder  like  starch,  which  is  spontane* 
ously  deposited  from  a  decoction  of  the  roots  of  the  Inula 
helenium  or  Elecampane.  This  substance  is  insoluble  in  cbkl, 
and  soluble  in  hot  water,  and  is  deposited  from  the  latter  as 
it  cools,  a  character  which  distinguishes  it  from  starch. 
With  iodine  it  forms  a  greenish-yellow  compound  of  a  perish- 
able nature.  Its  solution  is  somewhat  mucilaginous;  but 
inulin  is  distinguished  from  gum  by  insolubility  in  cdM 
water,  and  in  not  yielding  the  saccholactic  when  digested  in 
nitric  acid. 

Medullin, — This  name  was  applied  by  John  to  the  pith  of 
the  sun-flower,  but  its  existence  as  an  independent  principle 
is  somewhat  dubious.  The  term  pollenin  has  been  given  by 
the  same  chemist  to  the  pollen  of  tulips. 

Piperin  is  the  name  which  is  applied  to  a  white  crystalline 
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substance  extracted  from  black  p^per.  It  is  tasteless,  aod  is 
quite  free  from  pungency,  the  stimulating  property  of  the 
pepper  being  found  to  reside  in  a  fixed  oil.  (Pelletier,  in  An. 
de  Cb.  et  Ph.  vol.  xvi.)  Dr.  A.  T.  Thomson  has  extracted  it 
from  chamomile  flowers. 

A  process  recommended  for  its  preparation  by  Vogel  con- 
sists in  digesting  for  two  days  16  ounces  of  black  pepper  in 
coarse  powder  in  twice  its  weight  of  water,  five  times  in  suc- 
cession, and  then  digesting  the  insoluble  parts,  previously  well 
pressed  and  dried,  for  three  days  in  24  ounces  of  alcohol. 
The  solution  is  pressed  through  linen  cloth,  filtered,  and  eva- 
porated to  the  consistence  of  syrup  i  and  the  impure  crystals 
of  piperin,  depouted  by  cooling,  are  freed  from  adhering  resin- 
ous matter  by  ether,  and  further  purified  by  animal  charcoal, 
resolution  in  alcohol,  and  a  second  crystallization. 

Piperin  crystallizes  in  four-sided  prisms,  which  have  com- 
monly a  yellow  colour,  owing  to  adhering  oil  or  resin.  It  is 
insoluble  in  cold,  and  sparingly  soluble  in  hot  water ;  but  it 
is  very  soluble  in  alcohol,  and  less  so  in  ether.  Acetic  acid 
also  dissolves  it,  and  leaves  it  by  evaporation  in  feathery 
crystals.  It  fuses  at  212°,  and  consists  of  carbon,  oxygen, 
and  hydrogen. 

Olivile. — When  the  gum  of  the  olive  tree  is  dissolved  in 
alcohol,  and  the  solution  is  allowed  to  evaporate  spontane- 
ously, a  peculiar  substance,  apparently  different  from  the  other 
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the  principle  in  which  the  purgative  property  of  the  rhubarb 
resides.  M.  Nani  of  Milan  regards  the  active  priociple  of 
this  plant  as  a  vegetable  alkali ;  but  he  has  not  given  any 
proof  of  its  alkaline  nature.  (Journal  of  Science,  xvi.  172.) 

Rhein. — M.  Vaudin  has  applied  this  name  to  a  substance 
which  he  obtained  by  gently  heating  rhubarb  in  powder  with 
eight  times  its  weight  of  nitric  acid  of  1'375»  evaporating  to 
the  consistence  of  syrup,  and  diluting  with  cold  water. 
Bh^in,  which  is  then  deposited,  is  inodorous,  has  a  slightly 
bitter  taste,  and  an  orange  colour.  It  is  sparingly  soluble  in 
cold  water ;  but  it  dissolves  in  alcohol,  ether,  and  hot  water, 
and  its  solutions  are  rendered  pale  yellow  by  acids,  and  rase* 
red  by  alkalies.  It  may  be  extracted  from  rhubarb  by  ether, 
a  fact  which  proves  that  it  exists  ready  formed  in  the  plant ; 
and  its  mode  of  preparation  shows  that  it  possesses  unusual 
permanence,  powerfully  resisting  the  action  of  nitric  acid. 

Co/ocynfi/}.— This  name  was  applied  by  Yauquelin  to  a 
bitter  resinous  matter  extracted  from  colocynth  by  the  action 
of  alcohol,  and  left  by  evaporation  as  a  brittle  substance  of  a 
golden-yellow  colour.  It  is  slightly  soluble  in  water,  is  freely 
dissolved  by  alcohol  and  alkalies,  and  possesses  the  purgative 
properties  of  colocynth.  (Journ.  of  Science,  xviii.  400.) 

Bitter  Principle.— -This  name  was  formerly  applied  to  a 
substance  supposed  to  be  common  to  bitter  plants,  and  to  be 
the  cause  of  their  peculiar  taste.  The  recent  discoveries  in 
vegetable  chemistry,  however,  have  shown  that  it  can  no 
longer  be  regarded  as  an  uniform  unvarying  principle.  The 
bitterness  of  the  tiux  vomica,  for  example,  is  owing  to  strych* 
nia,  that  of  opium  to  morphia,  that  of  cinchona  bark  to  dn- 
chonia  and  quina,  &c.  The  cause  of  the  bitter  taste  in  the 
root  of  the  squill  is  different  from  that  of  the  hop  or  of  gen- 
tian. The  term  bitter  principle,  when  applied  to  any  one 
principle  common  to  bitter  plants,  conveys  an  erroneous  idea, 
and  should  therefore  be  abandoned. 

Extractive  Matter, — ^This  expression,  if  applied  to  one  de- 
terminate principle  supposed  to  be  the  same  in  diffecent 
plants,  is  not  less  vague  than  the  foregoing.  It  is  indeed  true 
that  most  plants  yield  to  water  a  substance  which  differs  horn 
gum,  sugar,  or  any  proximate  principle  of  vegetables,  whi^ 
therefore  constitutes  a  part  of  what  is  called  an  extract  in 
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phirmacy,  and  which,  for  want  of  a  more  precise  term,  may 
be  expressed  by  the  name  of  tilractive.  It  must  be  remem- 
bered, however,  that  this  matter  is  always  mixed  with  other 
proximate  principles,  and  that  there  is  no  proof  whatever  of 
its  being  identical  in  different  plants.  The  solution  of  saffron 
in  hot  water,  said  to  afford  pure  extractive  matter  by  evapo- 
ration, contains  the  colouring  matter  of  the  plant,  tt^ther 
with  all  the  other  v^^table  principles  of  saffron,  which  hap- 
pen to  be  soluble  in  the  menstruum  employed. 

Plumbagin,  extracted  by  Dulong  from  the  root  of  the 
Plumbago  EuropRa,  is  soluble  in  water,  alcohol,  and  ether^ 
and  crystallizes  from  its  solutions  in  acicular  crystals  of  a 
yellow  colour.  Its  aqueous  solution  is  made  cherry  red  by 
alkalies,  8ub-acetate  of  lead,  and  per-muriate  of  iron ;  but 
acids  restore  the  yellow  lint,  and  the  plumbagin  ta  found  un. 
altered.  Its  taste  is  at  first  sweet,  but  is  subsequently  sharp 
and  acrid,  extending  (o  the  throat.  (Journal  of  Science, 
N.S.  vi.  191.) 

Chloropiit/le. — This  name  has  been  applied  by  Pelletier  and 
Caventou  to  the  green  colouring  matter  of  leaves.  It  is  pre- 
pared by  bruising  green  leaves  into  a  pulp  with  water,  pTeM- 
ing  out  all  the  liquid,  and  boiling  the  pulp  in  alcohol.  The 
solution  is  mixed  with  water,  and  the  spirit  driven  off  by 
distillation,  when  the  chlorophyle  is  left  floating  on  the  sur> 
face  of  the  water.     As  thus  obtained,  it  appears  to  be  wax 
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nearly  pure  ether,  the  lower  is  viscid  and  consists  of  saccha- 
rine matter,  and  the  intermediate  stratum,  white  and  semi- 
solid, contains  the  amygdalin. 

Amygdalin,  insoluble  in  water,  dissolves  freely  in  hot 
alcohol,  and  crystallizes  as  the  solution  cools  in  white  needles, 
which  are  not  volatile,  and  remain  unchanged  in  the  open  air. 
Its  taste  is  sweet  followed  by  a  bitter  flavour,  analogous  to 
that  of  the  bitter  almond,  the  peculiar  flavour  of  which  ap- 
pears owing  to  amygdalin.  This  principle  has  neither  add 
nor  alkaline  properties.  It  contains  nitrogen  as  one  of  its 
elements,  and  emits  a  strong  odour  of  ammonia  when  it  is 
boiled  in  a  solution  of  potash.  Heated  with  nitric  add  it 
yields  benzoic  acid. 

Robiquet  and  Boutron-Charlard  have  shown  that  the  vola- 
tile oil  and  prussic  acid  of  the  bitter  almond  do  not  originally 
exist  in  that  nut,  but  are  generated  in  it  by  the  action  ot 
moisture.  They  confirmed  the  observation  made  in  1832  by 
M.  Stange  of  Basle,  that  the  essential  oil  absorbs  oxygen 
rapidly  when  exposed  to  the  air,  and  is  thereby  wholly  con- 
verted into  benzoic  acid :  this  acid  does  not  exist  ready 
formed  in  the  oil,  but  is  developed  by  a  change  in  the  ele- 
ments of  the  latter.  Other  agents  which  directly  or  indirectly 
supply  oxygen,  such  as  nitric  add  and  chlorine,  give  rise  to 
the  same  product.  The  ready  formation  of  benzoic  add, 
both  in  amygdalin  and  the  essential  oil,  indicates  a  similarity 
of  constitution,  which  suggests  the  idea  of  the  former  beiii^ 
concerned  in  the  production  of  the  latter ;  but  as  amygdalin, 
after  removal  from  the  almond,  does  not  yield  prussic  add  or 
essential  oil,  it  is  probable  that  their  origin  is  equally  depen- 
dent on  some  other  principle,  which  has  hitherto  escaped 
detection. 

Salicin. — This  principle  was  discovered  in  1830  in  the  bark 
of  the  willow  {SaUx  helix)  by  M.  Leroux,  who  announced 
it,  along  with  attestations  of  its  virtues  from  Majendie  and 
other  medical  authorities,  as  a  cure  for  intermittent  fever  of 
suflident  power  to  become  a  substitute  for  quina;  and  ob. 
servations  on  its  preparation  and  properties  have  since  been 
made  by  Braconnot,  Pelouze  and  J.  Oay-Lussac,  and  Peschier. 
(An.  de  Ch.  et  Ph.  xliii.  440,  and  xliv.  230,  296,  and  4ia) 
It  exists  in  several  species  of  the  willow,  and  Braconnot  has 
met  with  it  in  the  bark  of  the  poplar,  especially  of  the  Populus 


tremula.  The  most  approved  method  of  preparation  consists 
in  formiDg  an  aqueous  decoction  of  the  willow  bark,  adding 
sub-acetate  of  lead  as  long  as  a  precipitate  falls,  in  order  to 
remove  colouring  matter,  boiling  with  chalk  to  throw  down 
the  excess  of  lead,  and  evaporating  the  solution.  The  sali- 
cin  is  deposited  in  crystals  which  may  be  purified  bj  so- 
lution  in  alcohol  and  digestion  with  animal  charcoal. 

Pure  salicin  is  perfectly  white,  crystallizes  in  delicate 
prisms  or  needles,  and  has  a  very  bitter  taste.  In  cold  water 
it  is  sparingly  soluble;  but  it  is  freely  taken  up  both  by 
water  and  alcohol  at  a  boiling  temperature  and  is  insoluble 
in  ether.  By  strong  sulphuric  acid  in  the  cold  it  is  decom- 
posed, and  the  acid  acquires  a  purple  tint.  Heated  with  sul- 
phuric acid  somewhat  diluted,  or  with  strong  muriatic  acid, 
it  is  converted  into  a  white  insoluble  matter  of  the  nature  of 
resin.  When  digested  with  eight  times  its  weight  of  nitric 
acid  salicin  yields  a  large  quantity  of  carbazotic  acid. 

Salicin  has  neither  add  nor  alkaline  properties,  and  ac- 
cording to  Felouie  and  J.  Oay-Lussac  consists  of  carhon, 
hydrogen,  and  oxygen,  in  the  ratio  of  2  equivalents  of  the 
first  element,  2  equivalents  of  the  second,  and  1  equivalent 
of  the  third. 

Populin. — A  substance,  described  under  this  name,  was 
found  by  Braconnot  in  the  bark  of  the  Popului  tremuta  du- 
ring his  search  for  salicin.     It  exists  still  more  plentifully  in 
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yet  seen  an  account  of  their  properties  or  mode  of  pre- 
paration. 

Columbin. — ^This  is  a  bitter  crystalline  principle,  obtained 
by  M.  Wittstock  from  an  alcoholic  decoction  of  oolumbo 
root :  the  solution  is  concentrated  to  about  a  third  of  its 
volume,  and  is  then  left  in  a  warm  place,  when  yellowish- 
brown  crystals  are  gradually  deposited.  It  is  purified  in  the 
usual  manner  by  animal  charcoal  and  solution  in  hot  alcohol, 
from  which  it  is  afterwards  obtained  in  colourless  prismatic 
crystals.     (Royal  Inst.  Journal,  N.  S.  i.  630.) 

Crystalline  Principle  ofElaterium. — This  matter  has  been 
described  by  Mr.  Hennell,  (R.  Inst.  Journal,  N.  S.  i.  532,) 
and  is  prepared  by  forming  an  alcoholic  decoction  of  elate- 
rium,  distilling  off  most  of  the  alcohol,  and  setting  aade  the 
remainder  for  spontaneous  evaporation.  The  residual  mass 
consists  of  a  green  resin  in  which  the  medical  qualities  of 
elaterium  appear  to  reside,  and  a  crystalline  matter :  the  for- 
mer is  readily  taken  up  by  sulphuric  ether,  and  the  latter  left 
in  a  nearly  pure  state.  It  is  deposited  in  colourless  adcular 
tufts  when  its  solution  in  hot  alcohol  is  allowed  to  cooL  Id 
water  it  is  nearly  insoluble,  and  is  very  slightly  dissolved  by 
ether.  It  has  neither  acid  nor  alkaline  properties,  fuses  at  a 
heat  between  300''  and  400""  F.,  and  has  a  bitter  taste.  Ac- 
cording to  the  analysis  of  Hennell  100  parts  contain  17  of 
carbon,  11  of  hydrogen,  and  18  of  oxygen.  Elaterium  con- 
tains 40  per  cent  of  the  crystalline  principle,  and  21  per  cent 
of  the  green  resin:  the  remainder  is  ligneous  fibre,  earthy 
matter,  and  starch. 

Sulpho-sinapisin. — A  peculiar  principle  has  been  extracted 
from  mustard  seed  (sinapis  alba)  by  MM.  Henry,  jun.  and 
Garot,  who  at  first  supposed  it  to  be  an  add,  but  have  since 
corrected  their  mistake.  (Phil.  Mag.  and  An.  ix.  390.)  They 
have  applied  to  it  the  name  of  sulpho-sinapisin,  and  bdieve  il 
to  contain  the  elements  of  sulphuret  of  cyanogen  united  with 
a  peculiar  organic  matter  from  which  the  volatile  oil  of  mus- 
tard may  be  developed.  It  is  obtained  by  forming  an  aqueous 
decoction  of  mustard  seed,  adding  subacetate  of  lead  as  loog 
as  a  precipitate  falls,  removing  the  excess  of  lead  by  sulphu- 
retted hydrogen,  and  concentrating  the  filtered  solution.  The 
first  crop  of  crystals  is  purified  by  a  second  crystallization. 

Pure  sulpho-sinapisin  is  white  and  inodorous,  has  a  bitter 
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taste,  accompanied  with  the  flavour  of  mustard,  is  more 
sduble  in  hot  water  or  alcohol  than  when  they  are  cold,  and 
crystallizes  in  pearly  needles  or  amall  prisms  arranged  in 
tufts.  Heated  with  muriatic  acid  it  is  decomposed,  emitting 
an  odour  of  prussic  acid ;  and  when  distilled  with  sulphuric 
or  phosphoric  acid,  sulpho-cyanic  acid  is  generated.  By  the 
fixed  alkalies  it  is  also  decomposed :  evaporated  with  potash, 
the  sulpho-cyanuret  of  potassium  is  generated,  and  a  strong 
odour  of  the  volatile  oil  of  mustard  may  be  perceived.  With 
persalts  of  iron  a  solution  of  sulpho-sinapisin  strikes  a  deep 
red  colour. 

The  ultimate  elements  contained  in  100  parts  of  sulpho- 
sinapisin  are  50'504  carbon,  7*795  hydrogen,  4*94  nitrc^n, 
9*657  sulphur,  and  37'104  oxygen. 

SECTION  VI. 

ON  THE  SPOKTANEOUS  CHANGES  OF  VEGETABLE  MATTER. 

Vegbtablb  substances,  for  reasons  already  explained  in  the  • 
remarks  introductory  to  the  study  of  organic  chemistry,  are 
very  liable  to  spontaneous  decomposition.  So  long,  indeed, 
as  (hey  remain  in  connexion  with  the  living  plant  by  which 
they  were  produced,  the  tendency  of  their  elements  to  form 
new  combinations  is  controlled ;  but  as  soon  as  the  vital  prin- 
ciple is  extinct,  of  whose  agency  no  satisfactory  explanation 
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the  fermentative  processes  into  four  distinct  kindi,  namclyy 
the  saccharine,  vinous,  acetous,  andputrefaeiivefetmentatioiL, 

SACCHARINE   FERMENTATION. 

The  only  substaDce  known  to  be  subject  to  the  first  kind  of 
fermentation  is  starch.  When  gehitinous  starch,  or  amidine, 
is  kept  in  a  moist  state  for  a  considerable  length  of  time,  a 
change  gradually  ensues,  and  a  quantity  of  sugar,  equal  to 
about  half  the  weight  of  the  starch  employed,  is  generated. 
Exposure  to  the  atmosphere  is  not  necessary  to  this  change, 
but  the  quantity  of  sugar  is  increased  by  access  of  air. 

The  germination  of  seeds,  as  exemplified  in  the  malting  of 
barley,  is  likewise  an  instance  of  the  saccharine  fermentatioQ ; 
but  as  it  difiers  in  some  respects  from  the  process  above  men* 
tioned,  being  probably  modified  by  the  vitality  of  the  germ, 
it  may  with  greater  propriety  be  discussed  in  the  following 
section. 

The  ripening  of  fruit  has  also  been  regarded  as  an  example 
of  the  saccharine  fermentation,  especially  since  many  fruit, 
of  which  the  pear  and  apple  are  examples,  if  gathered  beibre 
their  maturity,  ripen  by  keeping ;  and  this  view  is  contended 
for  by  M.  Couverchel  as  an  inference  from  his  experimental 
inquiry  on  the  maturation  of  fruits.  (An.  de  Ch.  et  Ph.  xlvi 
14i7.)  Proust,  who  examined  the  unripe  grape  in  its  different 
stages  towards  maturity,  found  that  the  green  fruit  contains 
a  large  quantity  of  free  acid,  chiefly  the  citric,  which  gradu- 
ally disappears  as  the  grape  ripens,  while  its  place  is  occupied 
by  sugar.  Couverchel  examined  the  grape,  peadi,  apricot, 
and  pear.  He  found  that  the  add  and  mucilaginous  matters 
of  the  fruit  are  diminished,  while  carbonic  acid,  water,  and 
sugar  are  generated :  these  changes  he  found  to  be  indepeo- 
dent  of  the  oxygen  of  the  air,  and  to  occur  whether  the  fruit 
is  on  the  tree  or  removed  from  it :  they  arise  from  reaction 
among  the  ingredients  of  the  fruit,  rendered  operative  by 
heat,  but  independent  of  vitality.  He  considers  the  deve- 
lopement  of  sugar  and  disappearance  of  add,  which  occur 
during  the  process  of  ripening,  to  be  a  change  purdy  diemical. 

VINOUS   FERMENTATION. 

The  conditions  which  are  required  for  establishing  the 
vinous  fermentation  are  four  in  number,  namely,  the  presence 


VINOUS   FERMENTATION.  847 

of  augsr,  mUer,  yeast  or  some  ferment,  and  a  certain  temper- 
ature. The  best  mode  of  studying  this  process,  so  as  to  ob- 
serve  the  phenomena  and  determine  the  nature  of  the  change, 
is  to  place  five  parts  of  sugar  with  about  twenty  of  water  in 
a  glass  flask  furoiiihed  with  a  bent  tube,  the  extremity  of 
which  opens  under  an  inverted  jar  full  of  water  or  mercury ; 
and  after  adding  a  little  yeast,  to  expose  the  mixture  to  a  tem- 
perature of  about  60"  or  70°  Fahr.  In  a  short  time  bubbles 
of  gas  begin  to  collect  in  the  vicinity  of  the  yeast,  and  the 
liquid  is  soon  put  into  brisk  motion,  in  consequence  of  the 
formation  and  disengagement  of  a  large  quantity  of  gaseous 
matter :  the  solution  becomes  turbid,  its  temperature  rises,  and 
froth  collects  upon  its  surface.  After  continuing  for  a  few 
days,  the  evolution  of  gas  begins  to  abate,  and  at  length  ceases 
altogether ;  the  impurities  gradually  subside,  and  leave  the 
liquor  clear  and  transparent. 

The  only  appreciable  changes  which  are  found  to  have  oc- 
curred during  the  process  are  the  disappearance  of  the  sugar, 
and  the  formation  of  alcohol,  which  remains  in  the  flask,  and  * 
of  carbonic  acid  gas,  which  is  collected  in  the  pneumatic  ap- 
paratus. A  small  portion  of  yeast  is  indeed  decomposed; 
but  the  quantity  is  so  minute  that  it  may  without  inconve^ 
nience  be  left  out  of  consideration.  The  yeast  indeed  appears 
to  operate  only  in  exciting  the  fermentation,  without  further 


84« 


VINOUS    FERMENTATION. 


Carbon, 

Hydrogen, 

Oxygen, 


By  weigbt. 
Sugar. 
18  or  3  equiv. 
3  or  3  equiv. 
24  or  3  equiv. 

45 


Alcohol. 
12  or  2  equiv. 
3  or  3  equiv. 
8  or  1  equiv. 

23 


By  volume. 

Sugar.  Alcohol. 
Vapour  of  Carboa,       3  2 

Hydrogen  Gas   .  3  3 

Oxygen  Gaa  |  ^ 


Now  on  inspecting  this  table,  and  rememberiojf  that  car- 
bonic acid  consists  of  one  equivalent  of  carbon,  or  onevolume 
of  its  vapour,  and  two  equivalents  or  one  volume  of  oxygen, 
it  will  be  apparent  that  the  elements  of  sugar  are  in  such  pro- 
portion as  to  form  one  equivalent  of  alcohol,  or  one  volume  of 
its  vapour,  and  one  equivalent  or  one  volume  of  carbonic 
add.  Therefore  forty-five  parts  of  sugar  are  capable  of  fur- 
nishing twenty-three  parts  of  alcohol  and  twenty-two  of  car- 
bonic acid. 

It  admits  of  doubt  whether  any  substance  besides  sugar  is 
capable  of  undergoing  the  vinous  fermentation.  The  only 
other  principle  which  is  supposed  to  possess  this  property  is 
starch,  and  this  opinion  chiefly  rests  on  the  two  foUowin^^  facts. 
First,  It  is  well  known  that  potatoes,  wbicb  contain  but  little 
sugar,  yield  a  large  quantity  of  alcohol  by  fermentation,  during 
which  the  starch  disappears;  and,  secondly,  M.  Clement 
procured  the  same  quantity  of  alcohol  from  equal  weights  of 
malted  and  unmalted  barley.  (An.  de  Ch.  et  Ph.  v.  422.) 
Nothing  conclusive  can  be  inferred,  however,  from  these 
data ;  for,  from  the  facility  with  which  starch  is  converted 
into  sugar,  it  is  probable  that  the  saccharine  may  precede  the 
vinous  fermentation.  This  view  is,  indeed,  justified  by  the 
practice  of  distillers,  who  do  not  ferment  with  unmalted 
barley  only,  but  are  obliged  to  mix  with  it  a  certain  propor- 
tion of  malt,  which  appears  to  act  as  a  ferment  to  the  unmalt- 
ed grain. 

Though  a  solution  of  pure  sugar  is  not  susceptible  of  the 
vinous  fermentation  without  being  mixed  with  yeast,  or  aome 
such  ferment,  yet  the  saccharine  juices  of  plants  do  not  require 
the  addition  of  that  substance,  or  in  other  words,  they  contaiii 
some  principle  which,  like  yeast,  excites  the  fermoitative 
process.  Thus,  must  or  the  juice  of  the  grape  ferments  spon- 
taneously; but  Oay-Lussac  has  observed  that  these  juices 
cannot  begin  to  ferment  unless  they  are  exposed  to  the  air. 
By  heating  must  to  212°  F.,  and  then  corking  it  carefully. 
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tarded  by  the  addition  of  brandy,  but  cannot  be  prevented, 
tbe  wine  acquires  a  strong  sour  taste. 

Ale  and  beer  differ  from  wine  in  containing  a  large  quantity 
of  mucilaginous  and  extractive  matters  derived  from  the  malt 
with  which  they  are  made.  From  the  presence  of  these  sub- 
stances they  always  contain  a  free  acid,  and  are  greatly  dis- 
posed to  pass  into  the  acetous  fermentation.  The  sour  taste 
is  concealed  partly  by  free  sugar,  and  partly  by  the  bitter 
flavour  of  the  hop,  the  presence  of  which  diminishes  the  ten- 
dency to  the  formation  of  an  acid. 

The  fermentative  process  which  takes  place  in  dough  mixed 
with  yeast,  and  on  which  depends  tbe  formation  of  gocxi 
bread,  has  been  supposed  to  be  of  a  peculiar  kind,  and  is 
sometimes  designated  by  the  name  of  panartf fermentation. 
The  ingenious  researches  of  Dr.  Golquhoun,  however,  leave 
no  doubt  that  the  phenomena  are  to  be  ascribed  to  the  sac- 
charine matter  of  the  flour  undergoing  the  vinous  fermenta- 
tion, by  which  it  is  resolved  into  alcohol  and  carbonic  acid. 
(Brewster^s  Journal,  vi.)  Mr.  Graham  first  procured  alcohol 
by  distillation  from  fermented  dough,  and  at  present  a  com- 
pany exists  in  London  for  collecting  the  spirit  emitted  by 
dough  in  the  process  of  baking. 

ACETOUS    FERMENTATION. 

When  any  liquid  which  has  undergone  the  vinous  fermen- 
tation, or  even  pure  alcohol  diluted  with  water,  is  mixed  with 
yeast,  and  exposed  in  a  warm  place  to  the  open  air,  an  intes- 
tine movement  speedily  commences,  heat  is  developed,  the 
fluid  becomes  turbid  from  the  deposition  of  a  peculiar  fila- 
mentous matter,  oxygen  is  absorbed  from  the  atmosphere, 
and  carbonic  add  is  disengaged.  These  changes,  after  con- 
tinuing a  certain  time,  cease  spontaneously ;  the  liquor  be- 
comes clear,  and  instead  of  alcohol,  it  is  now  found  to  contain 
acetic  add.     This  process  is  called  the  acetous  ferwientation. 

The  vinous  may  easily  be  made  to  terminate  in  the  acetous 
fermentation ;  nay,  the  transition  takes  place  so  easily,  that 
in  many  instances,  in  which  it  is  important  to  prevent  it,  this 
is  with  difficulty  efiected.  It  is  the  uniform  result  if  the  fer- 
menting liquid  be  exposed  to  a  warm  temperature  and  to  the 
open  air ;  and  the  means  by  which  it  is  avoided  is  by  ex- 
cluding the  atmosphere,  or  by  exposure  to  cold. 
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those  elements  by  giving  rise  to  the  formation  of  carbonic 
^  acid  and  water,  as  to  leave  the  remaining  carbon,  hjdrogeQ« 
s/  /  and  oxygen  of  the  alcohol  in  the  precise  ratio  for  forming 
acetic  acid.  The  experiments  of  Saussure,  however,  are  in- 
compatible with  this  view.  According  to  his  researches,  the 
quantity  of  carbonic  acid  generated  during  the  acetous  fer- 
mentation is  precisely  equal  in  volume  to  the  oxygen  which 
is  absorbed;  and  hence  it  is  inferred,  that  this  gas  unites  ex- 
clusively with  the  carbon  of  the  alcohol.  This  result  is  dif- 
ferent from  what  might  have  been  anticipated,  and  requires 
confirmation. 

The  acetous  fermentation  is  conducted  on  a  large  scale  for 
yielding  the  common  vinegar  of  commerce.  In  France  it  is 
prepared  by  exposing  weak  wines  to  the  air  during  warm 
weather ;  and  in  this  country  it  is  made  from  a  solution  of 
brown  sugar  or  molasses,  or  an  infusion  of  malt.  The  vin^ar 
thus  obtained  always  contains  a  large  quantity  of  muci^gi- 
nous  and  other  vegetable  matters,  the  presence  of  which  ren- 
ders it  liable  to  several  ulterior  changes. 

PUTREFACTIVE  FERMENTATION. 

By  this  term  is  implied  a  process  which  is  not  attended 
with  the  phenomena  of  the  saccharine,  vinous,  or  acetous 
fermentation,  but  during  which  the  vegetable  matter  is  com- 
pletely decomposed.  AH  proximate  principles  are  not  equally 
liable  to  this  kind  of  dissolution.  Those  in  which  charcoal 
and  hydrogen  prevail,  such  as  the  oils,  resins,  and  alcohol,  do 
not  undergo  the  putrefactive  fermentation ;  nor  do  acids, 
which  contain  a  considerable  excess  of  oxygen,  manifest  a 
tendency  to  suffer  this  change.  Those  substances  alone  are 
disposed  to  putrefy,  the  oxygen  and  hydrogen  of  which  are 
in  proportion  to  form  water ;  and  such,  in  particular,  as  con- 
tain  nitrogen.  Among  these,  however,  a  singular  difference 
is  observable.  Caffein  evinces  no  tendency  to  spontaneous 
decomposition  ;  while  gluten,  which  certainly  must  contain  a 
smaller  proportional  quantity  of  nitrogen,  putrefies  with  great 
facility.  It  is  difficult  to  assign  the  precise  cause  of  this  dif- 
ference ;  but  it  most  probably  depends  partly  upon  the  mode 
in  which  the  ultimate  elements  of  bodies  are  arranged,  and 
partly  on  their  cohesive  power; — those  substances,  the  tex- 


s 


a  :  *  V-'i   - 


854  GERMINATION. 

which  is  generated  in  great  quantity  at  the  bottom  of  stag- 
nant pools  during  summer  and  autumn.  (Page  363.)  Another 
elastic  principle,  supposed  to  arise  from  putrefying  vegetable 
remains,  is  the  noxious  miasm  of  marshes.  The  origin  of 
these  miasms,  however,  is  exceedingly  obscure.  Every  at- 
tempt to  obtain  them  in  an  insulated  state  has  hitherto  proved 
abortive ;  and,  therefore,  if  they  are  really  a  distinct  species  o£ 
matter,  they  must  be  regarded,  like  the  effluvia  of  contagious 
fevers,  as  of  too  subtile  a  nature  for  being  subjected  to  che- 
mical analysis. 

When  the  decay  of  leaves  or  other  parts  of  plants  has  pro- 
ceeded so  far  that  all  trace  of  organization  is  effaced,  a  dark 
pulverulent  substance  remains,  consisting  of  charcoal  com- 
bined with  a  little  oxygen  and  hydrogen.  This  compound  is 
vegetable  mould,  which,  when  mixed  with  a  proper  quantity 
of  earth,  constitutes  the  soil  necessary  to  the  growth  of  plants. 
Saussure,  in  his  excellent  Recherches  Chimiqtie$  sur  la  Vege- 
tatiorij  has  described  vegetable  mould  as  a  substance  of  uni- 
form composition ;  and  on  heating  it  to  redness  in  dose  res- 
sels,  he  procured  carburetted  hydrogen  and  carbonic  acid 
gases,  water  holding  acetate  or  carbonate  of  ammonia  in  solu^ 
tion,  a  minute  quantity  of  empyreumatic  oil,  and  a  large  re^- 
due  of  charcoal  mixed  with  saline  and  earthy  ingredients. 
On  exposing  vegetable  mould  to  the  action  of  light,  air,  and 
moisture,  a  chemical  change  ensues,  the  effect  of  which  is  to 
render  a  portion  of  it  soluble  in  water,  and  thus  applicable  to 
the  nutrition  and  growth  of  plants. 

SECTION  VII. 

ON  THE  CHEMICAL  PHENOMENA  OF  GERMINATION  AND 

VEGETATION. 

GERMINATION. 

0£RMiN/iTioN  is  the  process  by  which  a  new  plant  originates 
from  seed.  A  seed  consists  essentially  of  two  parts,  the  Genn 
of  the  future  plant,  endowed  with  a  principle  of  vitality,  and 
the  Cotyledons  or  Seed-lobes,  both  of  which  are  enveloped  in 
a  common  covering  of  cuticle.  In  the  germ  two  parts,  the 
radicle  and  plumula,  may  be  distinguished,  the  former  of 
which  is  destined  to  descend  into  the  earth  and  constitute  tlie 
root,  the  latter  to  rise  into  the  air  and  form  the  stem  of  the 


856  GERMINATION. 

From  the  preceding  remarks  it  is  apparent  that  when  a  seed 
is  placed  an  inch  or  two  under  the  surface  of  the  ground  in 
spring,  and  is  loosely  covered  with  earth,  it  is  in  a  state  every 
way  conducive  to  germination.  The  ground  is  wanned  by 
absorbing  the  solar  rays,  and  is  moistened  by  occasional 
showers ;  the  earth  at  the  same  time  protects  the  seed  from 
light,  but  by  its  porosity  gives  free  access  to  the  air. 

The  operation  of  malting  barley,  in  which  the  grain  is  made 
to  germinate  by  exposure  to  warmth,  air,  and  humidity, 
a£Pords  the  best  means  of  studying  the  phenomena  of  germi- 
nation. In  preparing  malt,  the  grain  passes  through  four 
distinct  stages,  called  steeping^  couching^  floorings  and  kiln^ 
drying.  In  the  first  it  is  steeped  in  water  for  about  two  days, 
when  it  absorbs  moisture,  softens,  and  swells  considerably. 
It  is  then  removed  to  the  couch-frame,  where  it  is  laid  in 
heaps  SO  inches  in  depth  for  from  26  to  30  hours.  In  tins 
situation  the  grain  becomes  warm  and  acquires  a  dispodtioD 
to  germinate ;  but  as  the  temperature,  in  such  large  heaps, 
would  rise  very  unequally,  and  germination  consequently  be 
rapid  in  some  portions  and  slow  in  others,  the  process  oi^fioor^ 
ing  is  employed.  This  consists  in  laying  the  grain  in  strata 
a  few  inches  thick  on  large  airy  but  shaded  floors,  wbere  it 
remains  for  about  12  or  14  days  until  germination  has  ad> 
vanced  to  the  extent  desired  by  the  malster.  During  this 
interval  the  grain  is  frequently  turned,  in  order  that  the  t^n- 
perature  of  the  whole  mass  should  be  uniform,  that  each  grain 
should  be  duly  exposed  to  the  air,  and  that  the  radicles  of 
contiguous  grains  should  not  become  entangled  with  each 
other.  As  soon  as  saccharine  matter  is  freely  developed,  ger- 
mination must  be  arrested ;  since  otherwise,  being  taken  up 
as  nutriment  by  the  young  plant,  it  would  speedily  disappear. 
Accordingly,  the  grain  is  removed  to  the  kiln,  where  it  is  ex- 
posed to  a  temperature  gradually  rising  from  100^  to  160^, 
or  rather  higher ;  the  object  being,  first,  to  dry  the  gndn 
completely,  and  then  to  provide  against  any  recurrence  of 
germination  by  destroying  the  vitality  of  the  plant.  The 
most  convenient  mode  of  applying  the  heat  is  to  place  the 
grain  on  a  metallic  net-work,  through  which  passes  hot  air 
issuing  from  a  fire  made  with  good  coke.  The  process  of 
malting  is  not  conducted  during  summer,  because  in  hot 
weather  the  grain  is  apt  to  become  mouldy. 
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The  difference  between  malted  and  unmolted  barley  Is 
readily  perceived  by  the  taste;  but  it  will  be  more  correctly 
appreciated  by  inspecting  the  result  of  Proust's  comparative 
analysis  of  malted  and  unmalted  barley.     (An.  de  Ch.  et  de 

Ph. ».) 

Id  100  piiti  of  Buivj.  Id  100  puti  of  Milt. 

tUiD, 
Gum. 
Supi, 
Ghitel), 
SOTch, 
Honkin 

It  is  hence  apparent  that  during  germination  the  hordan 
is  converted  into  starch,  gum,  and  sugar ;  so  that  from  an 
insoluble  material,  which  could  not  in  that  state  be  applied 
to  the  uses  of  the  young  plant,  two  soluble  and  highly  nutii. 
tive  principles  result,  which  by  being  dissolved  in  water  are 
readily  absorbed  by  the  radicle. 

The  chemical  changes  which  take  place  during  germination 
have  been  ably  investigated  by  Sausaure,  whose  experiments 
are  detailed  in  the  work  to  which  I  have  already  referred. 
The  leading  facts  which  he  determined  are  the  following  ;— 
that  oxygen  gas  is  consumed,  that  carbonic  add  is  evolved, 
and  that  the  volume  of  the  latter  is  precisely  equal  to  that  of 
the  former.  Now  unce  carbonic  acid  gas  contains  its  own 
volume  of  oxygen,  it  follows  that  this  gas  must  have  united 
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them  a  close  analogy  both  of  parts  and  functioiis,  which, 
though  not  discerned  at  first,  becomes  striking  on  a  near  ex- 
amination. The  stem  and  branches  act  as  a  frame-work  or 
skeleton  for  the  support  and  protection  of  the  parts  necessary 
to  the  life  of  the  individual.  The  root  serves  the  purpose  of 
a  stomach  by  imbibing  nutritious  juices  from  the  soil,  and 
thu^  supplying  the  plant  with  materials  for  its  growth.  The 
sap  or  circulating  fluid,  composed  of  water  holding  in  so* 
lution  saline,  extractive,  mucilaginous,  saccharine,  and  other 
soluble  substances,  rises  upwards  through  the  wood  in  a  dis- 
tinct system  of  tubes  called  the  common  vessels,  which  cone- 
spond  in  their  office  to  the  lacteals  and  pulmonary  arteries  of 
animals,  and  are  distributed  in  minute  ramifications  over  the 
surface  of  the  leaves.  In  its  passage  through  this  ozgan^ 
which  may  be  termed  the  lungs  of  a  plant,  the  sap  is  fiilly 
exposed  to  the  agency  of  light  and  air,  experiences  a  change 
by  which  it  is  more  completely  adapted  to  the  wants  of  the 
vegetable  economy,  and  then  descends  through  the  inner 
layer  of  the  bark  in  another  system  of  tubes  called  the /proper 
vessels f  yielding  in  its  course  all  the  juices  and  pnadplea 
peculiar  to  the  plant. 

The  chemical  changes  which  take  place  during  the  circu- 
lation of  the  sap  are  in  general  of  such  a  complicated  nature, 
and  so  much  under  the  control  of  the  vital  principle,  as  to 
elude  the  sagacity  of  the  chemist.  One  part  of  the  subject, 
however,  namely,  the  reciprocal  agency  of  the  atmosphere 
and  growing  vegetables  on  each  other,  falls  within  the  reach 
of  chemical  inquiry,  and  has  accordingly  been  investigated  by 
several  philosophers. 

For  the  leading  facts  relative  to  what  is  called  the  retpcra- 
tion  of  plants,  or  the  chemical  changes  which  the  leaves  of 
growing  vegetables  produce  on  the  atmosphere,  we  are  in* 
debted  to  Priestley  and  Ingenhouss,  the  former  of  whom  dis- 
covered  that  plants  absorb  carbonic  add  from  the  air  under 
certain  circumstances,  and  emit  oxygen  in  return ;  and  the 
latter  ascertained  that  this  change  occurs  only  during  expo- 
sure to  the  direct  rays  of  the  sun.  When  a  healthy  plants 
the  roots  of  which  are  supplied  with  proper  nourishment,  is 
exposed  to  the  direct  solar  beams  in  a  given  quantity  of 
atmospheric  air,  the  carbonic  acid  after  a  certain  interval 
is  removed,  and  an  equal  volume  of  oxygen  is  substituted  for 
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contains  about  one-twelfth  of  carbonic  acid  than  in  commoa 
air,  provided  they  are  exposed  to  sunshine.  But  if  that  gas 
be  present  in  a  greater  proportion,  its  influence  is  prejudi- 
cial :  in  an  atmosphere  consisting  of  one-half  of  its  volume  of 
carbonic  acid,  the  plants  perished  in  seven  days ;  and  they 
did  not  vegetate  at  all  when  that  gas  was  in  the  proportian  of 
two-thirds.  In  the  shade,  the  presence  of  carbonic  add  is 
always  detrimental.  He  likewise  observed  that  the  presence 
of  oxygen  is  necessary,  in  order  that  a  plant  should  derive 
benefit  from  admixture  with  carbonic  acid. 

Saussure  is  of  opinion  that  plants  derive  a  large  quantity 
of  their  carbon  from  the  carbonic  acid  of  the  atmosphere^  an 
opinion  which  receives  great  weight  from  the  two  foUowiog 
comparative  experiments.  On  causing  a  plant  to  vegetate  in 
pure  water,  supplied  with  common  air  and  exposed  to  light, 
the  carbon  of  the  plant  increased  in  quantity ;  but  when  sup- 
plied with  common  air  in  a  dark  situation,  it  even  lost  a  por- 
tion of  the  carbon  which  it  had  previously  possessed. 

Light  is  necessary  to  the  colour  of  plants.  The  experi- 
ments of  Sennebier  and  Mr.  Oough  have  shown  that  the  green 
colour  of  the  leaves  is  not  developed,  except  when  they  are 
in  a  situation  to  absorb  oxygen  and  give  out  carbonic  add. 

Though  the  experiments  of  different  philosophers  agree  as 
to  the  influence  of  vegetation  on  the  air  in  sunshine  and  dur- 
ing the  night,  considerable  uncertainty  prevails  both  as  to  the 
phenomena  occasioned  by  difiused  daylight,  and  concerning 
the  total  eflect  produced  by  plants  on  the  constitution  of  the 
atmosphere.  Priestley  found  that  air,  vitiated  by  combos- 
tion  or  the  respiration  of  animals,  and  left  in  contact  for 
ral  days  and  nights  with  a  sprig  of  mint,  was  gradually 
stored  to  its  original  purity  ;  and  hence  he  inferred  that  the 
oxygen  gas,  consumed  during  these  and  various  other  pro- 
cesses, is  restored  to  the  mass  of  the  atmosphere  by  the  agency 
of  growing  vegetables. 

This  doctrine  receives  confirmation  from  the  researches  of 
Ingenhousz  and  Saussure,  who  were  led  to  adopt  the  optnioQ 
that  the  quantity  of  oxygen  gas  evolved  from  plants  hy  day, 
exceeds  that  of  carbonic  acid  emitted  during  the  night.  The 
conclusions  of  Mr.  Ellis,  on  the  contrary,  are  precisdy  the  re- 
verse. From  an  extensive  series  of  experiments,  contrived 
with  much  sagacity,  Mr.  Ellis  inferred  that  growing  plants 
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contains  y'^ifiibargfa,  for  example,  there  aie 

air,  prr  ^^f^ii^^'^  ^"^^^^y  thej&:t«  austraHs  andjSeus 

^  P^  ><2i»*^r^''*^^'  ^  ^'''  G"^***™  informs  me,  iias 

cial :  ^'^^^^^^^^  ^°^  ^'^^  former  for  nearly  fourteen 

car^  ^p'^'^!trhich  time  they  have  continued  to  send  out 
d- 


,^i^  jx?ieatific   men  had  learned  to  appreciate  the  in- 
^/atmospheric  air  on  vegetation,  the  increase  of  car- 


\^as  matter,  which  occurs  in  some  of  these  instances, 
^supposed  to  be  derived  from  water,  an  opinion  naturally 
^ggested  by  the  important  offices  performed  by  this  fluid  in 
the  vegetable  economy.  Without  water,  plants  speedilj 
wither  and  die.  It  gives  the  soft  parts  that  degree  of  succu- 
lence necessary  for  the  performance  of  their  functions ; — ^it 
affords  two  elements,  oxygen  and  hydrogen,  which  either  as 
water,  or  under  some  other  form,  are  contained  in  all  v^eta- 
ble  products; — and,  lastly,  the  roots  absorb  from  the  soil 
those  substances  only,  which  are  dissolved  or  suspended  in 
water.  So  carefully,  indeed,  has  nature  provided  against  the 
chance  of  deficient  moisture,  that  the  leaves  are  endowed  with 
a  property  both  of  absorbing  aqueous  vapour  directly  from 
the  atmosphere,  and  of  lowering  their  temperature  during  the 
night  by  radiation,  so  as  to  cause  a  deposition  of  dew  upon 
their  surface,  in  consequence  of  which,  during  the  driest 
seasons  and  in  the  warmest  climates,  they  frequently  ccmtinue 
to  convey  this  fluid  to  the  plant,  when  it  can  no  longer  be 
obtained  in  sufficient  quantity  from  the  soiL  But  necessary 
as  is  this  fluid  to  vegetable  life,  it  cannot  yield  to  plants  m 
principle  which  it  does  not  possess.  The  carbonaceous  matter 
which  accumulates  in  plants,  under  the  circumstances  above 
mentioned,  may,  with  every  appearance  of  justice,  be  referred 
to  the  atmosphere ;  since  we  know  that  carbonic  add  eadsts 
there,  and  that  growing  vegetables  have  the  prop^ty  of 
taking  carbon  from  that  gas. 

When  plants  are  incinerated,  their  ashes  are  found  to  oon* 
tain  saline  and  earthy  matters,  the  elements  of  which,  if  not 
the  compounds  themselves,  are  supposed  to  be  derived  finom 
the  soil.  Such  at  least  is  the  view  dedudble  from  the  re- 
searches of  Saussure,  and  which  might  have  been  antidpated 
by  reasoning  on  chemical  prindples.  The  experiments  of 
M.  Schrader,  however,  lead  to  a  different  conclusion.     He 
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•owed  aereral  kinds  of  grain,  such  as  barley,  wheat,  rje,  and 
oats,  in  pure  flowers  of  sulphur,  and  supplied  the  shoots  as 
they  grew  with  nothing  but  air,  light,  and  distilled  water. 
On  incinerating  the  plants,  thus  treated,  they  yielded  a  greater 
quantity  of  saline  and  earthy  matters  than  were  originally 
present  in  the  seeds. 

These  results,  supposing  them  accurate,  may  be  accounted 
for  in  two  ways.  It  may  be  supposed,  in  the  first  place,  that 
the  foreign  matters  were  introduced  accidentally  from  ex- 
traneous sources,  as  by  fine  particles  of  dust  floating  in  the 
atmosphere;  or,  secondly,  it  may  be  conceived,  that  they 
were  derived  from  the  sulphur,  air,  and  water,  with  which 
the  plants  were  supplied.  If  the  latter  opinion  be  adopted, 
we  must  infer  either  that  the  vital  principle,  which  certainly 
controls  chemical  affinity  in  a  surprising  manner,  and  directs 
this  power  in  the  production  of  new  compounds  from  elemen- 
tary bodies,  may  likewise  convert  one  element  into  another; 
or  that  some  of  the  substances,  supposed  by  chemists  to  be 
rirople,  such  as  oxygen  and  hydrogen,  are  compounds,  not  of 
two,  but  of  a  variety  of  different  principles.  As  these  con- 
jectures are  without  foundation,  and  are  utterly  at  variance 
with  the  facts  and  principles  of  the  science,  I  do  not  hesitate 
in  adopting  the  more  probable  opinion,  that  the  experiments 
of  M.  Schrader  were  influenced  by  some  source  of  error  which 
escaped  detection. 
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that  nitrogen  is  likewise  a  constituent  of  many  vegetable  sub* 
stances;  though  few  of  these,  the  vegeto-animal  principles  ex* 
cepted,  (page  834,)  are  prone  to  suffer  the  putrefactive  fer- 
mentation. It  is  likewise  remarkable  that  some  compounds  of 
animal  origin,  such  as  cholesterine  and  the  oils,  do  not  contain 
nitrogen  as  one  of  their  elements,  and  are  not  disposed  to 
putrefy. 

The  essential  constituents  of  animal  compounds  are  carbon, 
hydrogen,  oxygen,  and  nitrogen,  besides  which  some  of  them 
contain  phosphorus,  sulphur,  iron,  and  earthy  and  saline 
matters  in  small  quantity.  Owing  to  the  presence  of  sulphur 
and  phosphorus,  the  process  of  putrefaction,  which  will  be 
particularly  described  hereafter,  is  frequently  attended  with 
the  disengagement  of  sulphuretted  and  phosphuretted  hydro- 
gen gases.  When  heated  in  dose  vessels,  they  yield  water, 
carbonic  oxide,  carburetted  hydrogen,  probably  free  nitrogea 
and  hydrogen,  carbonate  and  hydrocyanate  of  ammonia,  and 
a  peculiarly  fetid  thick  oil.  The  carbonaceous  matter  left  in 
the  retort  is  less  easily  burned,  and  is  more  effectual  as  a  de- 
colorizing agent,  than  charcoal  derived  from  vegetable  marter. 

The  principle  of  the  method  of  analyzing  animal  substances 
has  already  been  mentioned.     (Page  725.) 

In  describing  the  proximate  animal  principles,  the  number 
of  which  is  far  less  considerable  than  vegetable  compounds^ 
the  arrangement  suggested  by  Oay-Lussac  and  Theoard  in 
their  Recherches  Physico^Ckimiques^  and  followed  by  Thenard 
in  his  System  of  Chemistry,  has  been  adopted.  The  animal 
compounds  are  accordingly  arranged  in  three  sections.  The 
first  contains  substances  which  are  neither  acid  nor  <deaginoiis; 
the  second  comprehends  the  jjpgfttabk  acids ;  and  the  third 
includes  the  animal  fats.  Several  of  the  principles  belonging 
to  the  first  division,  such  as  fibrin,  albumen,  gelatine,  ciaeous 
matter,  and  urea,  were  shown  by  Gay-Lussac  and  Theoard 
to  have  several  points  of  similarity  in  their  composition.  Tbey 
all  contain,  for  example,  a  large  quantity  of  carbon,  and  theii 
hydrogen  is  in  such  proportion  as  to  convert  all  their  oxygen 
into  water,  and  their  nitrogen  into  ammonia.  No  general 
laws  have  been  established  reUtive  to  the  constitution  of  the 
compounds  comprised  in  the  other  sections. 


StIBTANCES  WHICH  ARE  NEITHER  ACID  NOR  OIXAGINOUS. 
FIBRIN. 

Fibrin  enters  largely  into  the  composition  of  the  blood, 
and  is  the  bads  of  the  muscles ;  it  may  be  regarded,  therefore, 
as  one  of  the  most  abundant  of  the  animal  principles.  It  is 
most  conveniently  procured  by  stirring  recently  drawn  blood 
with  a  slick  during  its  coagulation,  and  then  washing  the  ad- 
hering fibres  with  water  until  they  are  perfectly  white.  It 
may  also  be  obtained  from  lean  beef  cut  into  small  slices,  the 
soluble  purls  being  removed  by  digestion  in  several  successive 
portions  of  water. 

Fibrin  is  solid,  white,  insipid,  and  inodorous.  When  moist 
it  is  somewhat  elastic,  but  on  drying  it  becomes  hard,  brittle, 
and  semi-transparent.  In  a  moist  warm  situation  it  readily 
putrefies.  It  is  insoluble  in  water  at  common  temperatures, 
and  is  dissolved  in  very  minute  quantity  by  the  continued 
action  of  boiling  water.  Alcohol,  of  specific  gravity  0*81, 
converts  it  into  a  fatty  adipocirous  matter,  which  is  soluble  in 
alcohol  and  ether,  but  is  precipiuted  by  water. 

The  action  of  acids  on  fibrin  has  been  particularly  described 
by  Berzelius.  (Med.  Chir.  Trans,  iii.  201.)  Digested  in  con- 
centrated acetic  acid,  fibrin  swells  and  becomes  a  bulky  tre- 
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nitric  acid  is  decomposed,  and  that  the  nitrogen  gas  is  solely 
or  chiefly  derived  from  the  fibrin. 

Dilute  muriatic  acid  hardens  without  dissolving  fibrin,  and 
the  strong  acid  decomposes  it.  The  action  of  sulphuric  acid, 
according  to  Braconnot,  is  very  peculiar.  When  fibrin  is 
mixed  with  its  own  weight  of  concentrated  sulphuric  acid,  a 
perfect  solution  ensues,  without  change  of  colour,  or  disen- 
gagement of  sulphurous  acid.  On  diluting  with  water,  boiling 
for  nine  hours,  and  separating  the  acid  by  means  of  chalk,  the 
filtered  solution  was  found  to  contain  a  peculiar  white  matter, 
to  which  Braconnot  has  applied  the  name  of  leucine.  (An.  de 
Ch.  et  de  Ph.  xiii.)  Digested  in  strong  sulphuric  add,  a  dark 
reddish-brown,  nearly  black,  solution  is  formed,  and  the  fibrin 
is  carbonized  and  decomposed. 

Fibrin  is  dissolved  by  pure  potash,  and  is  thrown  down 
when  the  solution  is  neutralized.  The  fibrin  thus  precipitated, 
however,  is  partially  changed,  since  it  is  no  longer  soluble  in 
acetic  acid.     It  is  soluble  likewise  in  ammonia. 

According  to  the  analysis  of  Oay-Lussac  and  Thenard,  100 
parts  of  fibrin  are  composed  of  carbon  53'36f  hydrogen  7*021, 
oxygen  19*685,  and  nitrogen  19*934.  From  these  numbers 
fibrin  may  be  regarded  as  an  atomic  compound  of  18  equiva- 
lents of  carbon,  14  of  hydrogen,  5  of  oxygen,  and  3  of  nitrogen. 

ALBUMEN. 

Albumen  enters  largely  into  the  composition  both  of  animal 
fluids  and  solids.  Dissolved  in  water  it  forms  an  essential 
constituent  of  the  serum  of  the  blood,  the  liquor  of  the  serous 
eavities,  and  the  fluid  of  dropsy ;  and  in  a  solid  state  it  is  ooq> 
tained  in  several  of  the  textures  of  the  body,  such  as  the 
cellular  membrane,  the  skin,  glands,  and  vessels.  From  this  it 
appears  that  albumen  exists  under  two  forms,  liquid  and  solid. 

Liquid  albumen  is  best  procured  from  the  white  of  eg^ 
which  consists  almost  solely  of  this  principle,  united  with 
water  and  free  soda,  and  mixed  with  a  small  quantity  of  aa* 
line  matter.  In  this  state  it  is  a  thick  glairy  fluid,  insipid, 
inodorous,  and  easily  miscible  with  cold  water,  in  a  sufficient 
quantity  of  which  it  is  completely  dissolved.  When  exposed 
in  thin  layers  to  a  current  of  air  it  dries,  and  becomes  a  solid 
and  transparent  substance,  which  retains  its  solubility  in  water, 
and  may  be  preserved  for  any  length  of  time  without  change ; 
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but  if  kept  in  its  fluid  condition  it  readily  putrefies.  From 
the  free  soda  which  they  contain,  albuminous  liquids  have 
always  au  alkaline  reaction. 

Liquid  albumen  is  coagulated  by  heat,  alcohol,  and  the 
stronger  acids.  Undiluted  albumen  is  coagulated  by  a  tem- 
perature of  160°,  and  when  diluted  with  water  at  212°  P. 
Watn-  which  contains  c»ily  1-lOOOth  of  its  weight  of  albumen 
is  rendered  opaque  by  boiling.  (Bostock.)  Qa  this  property 
is  founded  the  method  of  clarifyiDg  by  means  of  albuminous 
solutions;  for  the  albumen  being  coagulated  by  heat,  entangles 
in  its  substance  all  the  foreign  particles  which  are  not  actually 
dissolved,  and  carries  them  with  it  to  the  surface  of  the  liquid. 
The  character  of  being  coagulated  by  hot  water  distinguishes 
albumen  from  all  other  animal  fluids. 

Ilhe  acids  differ  in  their  action  on  albumen.  The  Bul|^urie, 
muriatic,  and  nitric  acids  coagulate  it;  and  in  each  case, 
some  of  the  add  is  retained  by  the  albumen.  It  in  pre< 
cipitated  also  by  pyrophosphoric  acid,  but  not  by  the  phos- 
phoric, a  character,  as  already  mentioned,  by  which  these 
acids  may  be  distinguished  from  each  other.  (Page  289-) 
The  solution  of  albumen  is  not  precipitated  at  all  by 
acetic  acid.  By  maceration  in  dilute  nitric  acid  for  a 
month,  it  is  converted,  according  to  Mr.  Halchett,  into  a 
substance  soluble  in  hot  water,  and  possessed  of  the  leading 
properties  of  gelatine.     Digested  in  strong  sulphuric  acid. 
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When  an  albuminous  liquid  is  exposed  to  the  agency  of 
galvanism,  pure  soda  makes  its  appearance  at  the  n^ative 
wire,  and  the  albumen  coagulates  around  that  which  is  in 
connexion  with  the  positive  pole  of  the  battery.  Mr.  Brande*, 
who  first  observed  this  phenomenon,  ascribes  it  to  the  sepa- 
ration of  free  soda,  upon  which  he  supposes  the  solubility  of 
albumen  in  water  to  depend ;  but  M.  Lassaigne-f*  attributes 
it  to  the  decomposition  of  muriate  of  soda,  the  acid  of  which 
coagulates  the  albumen.  However  this  may  be,  galvanism  is 
one  of  the  most  elegant  and  delicate  tests  which  we  possess  of 
the  presence  of  albumen  in  animal  fluids. 

Chemists  are  not  agreed  as  to  the  cause  of  the  coagulation 
of  albumen.  When  it  is  coagulated  by  different  chemical 
agents,  such  as  tannin  and  metallic  salts,  the  albumen  is 
thrown  down  in  consequence  of  forming  an  insoluble  (Com- 
pound with  the  substance  employed ;  and  this  is  also  the 
mode  by  which  acids  coagulate  it.  With  respect  to  the 
agency  of  heat  and  alcohol,  a  different  view  must  be  adopted. 
The  explanation  usually  given  is  that  proposed  by  Dr. 
Thomson,  who  ascribes  the  solubility  of  albumen  to  the 
presence  of  free  soda,  and  its  coagulation  to  the  removal  of 
the  alkali.  To  this  hypothesis  Dr.  Bostock  objects,  and  with 
every  appearance  of  justice,  that  albuminous  liquids  do  not 
contain  a  sufficient  quantity  of  free  alkali  for  the  purpose. 
(Medico-<]lhir.  Trans,  ii.  175.)  Were  I  to  hazard  an  opinion 
on  this  subject,  it  would  be  the  following: — ^that  albumen 
combines  directly  with  water  at  the  moment  of  being  secreted, 
at  a  time  when  its  particles  are  in  a  state  of  minute  division  ; 
but  as  its  affinity  for  that  liquid  is  very  feeble,  the  compound 
is  decomposed  by  slight  causes,  and  the  albumen  thereby 
rendered  quite  insoluble.  Silica  affords  an  instance  of  a 
similar  phenomenon.     (Page  4dl-) 

Albumen  coagulates  without  appearing  to  undergo  any 
change  of  composition,  but  it  is  quite  insoluble  in  water,  and 
is  less  liable  to  putrefy  than  in  its  liquid  state.  It  is  dissolved 
by  alkalies  with  disengagement  of  ammonia,  and  is  precipi- 
tated from  its  solution  by  acids.  In  the  coagulated  state  it 
bears  a  very  close  resemblance  to  fibrin,  and  is  with  difficulty 
distinguished  from  it.     Alcohol,  ether,  acids,  and  alkalies, 
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according  to  BerzeliuB,  act  upon  each  id  the  same  manner. 
He  observes,  however,  that  acetic  acid  and  ammonia  dissolve 
fibrin  more  easily  than  coagulated  albumen.  According  to 
Thenard,  they  are  readily  distinguished  by  means  of  binox- 
ide  of  hydrogen,  from  which  fibrin  causes  evolution  of  oxygra, 
while  albumen  has  no  action  upon  it. 

Albumen  has  been  analyzed  by  Gay-Lussac  and  Thenard^ 
and  Ur.  Prout,  with  (he  following  results : — 

Gi;-Luuu  and  Th«nard.  Dr.  Proub 


Carlwn,        52883,  17  equivalents.  50  15  equivalents. 

Hydrogen,     7'540,  13  equivalents.  7'78,  14  equivalents. 

Oxygen,       23'872,  6  equivalents.  2667,  6  equivalents. 

Nitrogen,     15705,  2  equivalents.  15-55,  2 equivalents. 


100-000 


10000 


GELATINE. 

Gelatine  exists  abundantly  in  many  of  the  solid  parts  of  the 
body,  especially  in  the  skin,  cartilages,  tendons,  membranea, 
and  bones.  According  to  Berzelius,  it  is  not  contained  in  any 
of  the  healthy  animal  fluids ;  and  Dr.  Bostock,  with  respect 
to  the  blood,  baa  demonstrated  the  accuracy  of  this  statement. 
(Medico-Chir.  Trans.  voL  i.  and  ii.) 

Gdatine  is  distinguished  from  all  animal  principles  by  iti 
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the  sturgeon.  The  animal  jelly  of  the  confectioners  is  made 
from  the  feet  of  calves,  the  tendinous  and  ligamentous  parts 
of  which  yield  a  large  quantity  of  gelatine. 

Gelatine  is  insoluble  in  alcohol,  but  is  dissolved  readily  by 
most  of  the  diluted  acids,  which  form  an  excellent  solvent  for 
it.  Mixed  with  twice  its  weight  of  concentrated  sulphuric 
acid,  it  dissolves  without  being  charred ;  and  on  diluting  the 
solution  with  water,  boiling  for  several  hours,  separating  the 
acid  by  means  of  chalk,  and  evaporating  the  filtered  liquid,  a 
peculiar  saccharine  principle  is  deposited  in  crystals.  This 
substance  has  a  sweet  taste,  somewhat  like  that  of  the  sugar 
of  grapes,  is  soluble  in  water,  though  less  so  than  common 
sugar,  and  is  insoluble  in  alcohol.  When  heated  to  redness, 
it  yields  ammonia  as  one  of  the  products,  a  circumstance 
which  shows  that  it  contains  nitrogen.  Mixed  with  yeast, 
its  solution  does  not  undergo  the  vinous  fermentation ;  and  it 
combines  directly  with  nitric  acid.  It  is  hence  apparent  that, 
though  possessed  of  a  sweet  taste,  it  differs  entirely  from 
sugar.  This  substance  was  discovered  by  Braoonnot.  (An. 
de  Ch.  et  de  Ph.  vol.  xiii.) 

Gelatine  is  dissolved  by  the  liquid  alkalies,  and  the  solu- 
tion is  not  precipitated  by  acids. 

Gelatine  manifests  little  tendency  to  unite  with  metallic 
oxides.  Corrosive  sublimate  and  subacetate  of  lead  do  not 
occasion  any  precipitate  in  a  solution  of  gelatine,  and  the  salts 
of  tin  and  silver  affect  it  very  slightly.  The  best  precipitant 
for  it  is  tannin.  By  means  of  an  infusion  o^gall-nuts.  Dr. 
Bostock  detected  the  presence  of  gelatine  when  mixed  with 
5000  times  its  weight  of  water ;  and  its  quantity  may  even  be 
estimated  approximately  by  this  reagent.  (Page  831 .)  But 
since  other  animal  substances,  as  for  example  albumen,  are 
precipitated  by  tannin,  it  cannot  be  relied  on  as  a  test  of  gela- 
tine. The  best  character  for  this  substance  is  that  of  sdu- 
bility  in  hot  water,  and  of  forming  a  jelly  as  it  cools. 

According  to  the  analysis  of  gelatine  by  Gay-Lussac  and 
Thenard,  100  parts  of  this  substance  consist  of  carbon  47*881, 
hydrogen 7914, oxygen 27207,  and  nitrogen  16*998.— From 
these  numbers  it  appears  that  its  composition,  as  to  the  rela* 
tive  quantity  of  its  elements,  is  identical  with  that  of  albu- 
men as  determined  by  Dr.  Prout. 
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UREA. 

Pure  urea  is  procured  by  evaporating  fresh  urine  to  the 
consistence  of  a  syrup,  and  then  gradually  adding  to  it,  when 
quite  cold,  pure  concentrated  nitric  acid,  which  should  be  free 
from  nitrous  acid,  till  the  whole  becomes  a  dark-coloured  cry- 
stallized mass,  which  is  to  be  repeatedly  washed  with  ice-cold 
water,  and  then  dried  by  pressure  between  folds  of  bibulous 
paper.  To  the  nitrate  of  urea,  thus  procured,  a  pretty  strong 
solution  of  carbonate  of  potash  or  soda  is  added,  until  the  acid 
is  neutralized ;  and  the  solution  is  afterwards  concentrated  by 
evaporation,  and  set  aside,  in  order  that  the  nitre  may  separate 
in  crystals.  Dr.  Prout  recommends  that  the  residual  liquid, 
which  is  an  impure  solution  of  urea,  should  be  made  up  into 
a  thin  paste  with  animal  charcoal,  and  be  allowed  to  remain 
in  that  state  for  a  few  hours.  The  paste  ia  then  mixed  with 
cold  water,  which  takes  up  the  urea,  while  the  colouring  mat- 
ter is  retained  by  the  charcoal ;  and  the  colourless  solution  is 
evaporated  to  dryness  at  a  low  temperature.  The  residue  is 
then  boiled  in  pure  alcohol,  by  which  the  urea  is  dissolved, 
and  from  which  it  is  deposited  in  crystals  on  cooling.  (Me- 
dico. Citir.  Trans,  viii.  S29.)  In  order  to  obtain  them  quite 
colourless,  it  is  necessary  to  redissolve  in  alcohol,  and  crystal- 
lize a  second  or  even  a  third  time. 

The  crystals  of  pure  urea  are  transparent  and  colourless,  of 
a  slight  pearly  lustre,  and  have  commonly  the  form  of  a  four- 
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months,  or  be  heated  to  the  boiling  point,  without  change; 
but,  on  the  contrary,  if  the  other  constituents  of  urine  are 
present,  it  putrefies  with  rapidity,  and  is  decomposed  by  a 
temperature  of  212°  F,  being  almost  entirely  resolved  into 
carbonate  of  ammonia  by  continued  ebullition. 

The  pure  fixed  alkalies  and  alkaline  earths  decompose  urea, 
especially  by  the  aid  of  heat,  carbonate  of  ammonia  being  the 
chief  product. 

Though  urea  has  not  any  distinct  alkaline  properties,  it 
unites  with  the  nitric  and  oxalic  acids,  forming  sparingly  so- 
luble compounds,  which  crystallize  in  scales  of  a  pearly  lustre. 
This  property  affords  an  excellent  test  of  the  presence  of 
urea.  Both  compounds  have  an  acid  reaction,  and  the  nitrate 
consists  of  54  parts  or  one  equivalent  of  nitric  acid,  and  60 
parts  or  one  equivalent  of  urea. 

Urea  has  been  carefully  analyzed  by  Dr.  Prout,  and  the 
accuracy  of  his  analysis  is  amply  attested  by  the  late  re- 
searches of  Liebig  and  Wohler.  Its  equivalent  is  60 ;  and 
its  elements,  as  already  explained,  (page  404)  are  in  precnsely 
the  same  ratio  as  the  hydrated  cyanate  of  ammonia. 

A  singular  instance  of  the  artificial  production  of  urea  has 
been  noticed  by  Wohler.     It  is  formed  by  the  action  of  am- 
monia on  cyanogen,  as  also  by  direct  contact  of  cyanic  add 
and  ammonia ;  but  the  best  mode  of  preparing  it  is  by  de- 
composing cyanate  of  silver  with   muriate   of  ammonia,  or 
cyanate  of  lead  with  ammonia,  the  action  being  promoted  by 
a  gentle  heat.     In  the  last  case,  oxide  of  lead  is  set  free,  and 
the  only  other  product  appears  in  colourless,   transparent, 
four-sided,  rectangular  crystals.     These  crystals,  judging  by 
the  mode  of  preparation,  must  be  cyanate  of  ammonia ;  but 
yet  no  ammonia  is  evolved  from  them  by  the  action  of  pot- 
ash ;  the  stronger  acids  do  not,  as  with  other  cyanates,  cause 
an  evolution  of  carbonic  and  cyanic  acids  ;  nor  do  they  yield 
precipitates  with  salts  of  lead  and   silver.     In  fact,  though 
procured  by  the  mutual  action  of  cyanic  acid  and  ammonia, 
and  containing  the  very  same  elements,  (page  404)  the  cha- 
racters above  mentioned  do  not   indicate   the  presence  of 
either ;  but  on  the  contrary  the  crystals  agree  with  urea  ob- 
tained from  urine  in  composition  and  in  all  their  chonical 
properties.     (Journal  of  Science,  N.  S.  iii.  491.)    The  cyanic 
acid  above  referred  to  is  that  discovered  by  Wohler.     (Page 
401.) 
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SUGAR    OF    HILK    AND    SUGAR    OF    DIABETES. 

Sugar  of  Milk. — The  saccharine  principle  of  milk  is  ob- 
tained from  whey  by  evaporating  that  liquid  to  the  consist- 
ence of  syrup,  and  allowing  it  to  cool.  It  is  afterwards  puri- 
fied by  means  of  albumen  and  a  second  crystallization. 

The  sugar  of  milk  has  a  sweet  taste,  though  less  so  than 
the  sugar  of  the  cane,  from  which  it  differs  essentially  in  se- 
veral other  respects.  Thus  it  requires  seven  parts  of  cold 
and  four  of  boiling  water  for  solution,  and  is  insoluble  in 
alcohol.  It  is  not  susceptible  of  undergoing  the  vinous  fer- 
mentation ;  and  when  digested  with  nitric  acid  it  yields  sac- 
choloctic  acid,  a  property  first  noticed  by  Scheele,  and  which 
distinguishes  the  saccharine  principle  of  milk  from  every 
other  species  of  sugar.  Like  starch,  it  is  convertible  into 
real  sugar  by  being  boiled  in  water  acidulated  with  sulphuric 
acid. 

Sugar  of  milk  contains  no  nitrogen,  and  according  to  the 
analysis  of  Gay-Lussac  and  Thenard,  is  very  analogous  to 
common  sugar  in  the  proportion  of  its  elements. 

Sugar  of  Diabetes. — In  the  disease  called  Diabetes  the 
urine  contains  a  peculiar  saccharine  matter,  which,  when  pro- 
perly purified,  appears  identical  both  in  properties  and  com- 
poution  with  vegetable  sugar,  approaching  nearer  to  the  su- 
gar of  grapes  than  that  from  the  sugar-cane.  This  kind  of 
sugar  is  obtained  in  an  irregularly  crystalline  mass  by  evapo- 
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to  the  mineral  or  vegetable  kiDgdom,  and  which  have  conse- 
quently been  described  in  other  parts  of  the  work.  In  this 
section  are  included  those  acids  only  which  are  believed  to  be 
peculiar  to  animal  bodies. 

URIC,  PURPURIC,  ROSACIC,  FORMIC,  AND  LACTIC  ACIDS,  4cC. 

Uric  or  Lit  hie  Acid. — This  acid  is  a  common  constituent 
of  urinary  and  gouty  concretions,  and  is  always  present  in 
healthy  urine,  combined  with  ammonia  or  some  other  alkali. 
The  urine  of  birds  of  prey,  such  as  the  eagle,  and  of  the  boa 
constrictor  and  other  serpents,  consists  almost  solely  of  urate 
of  ammonia,  from  which  pure  uric  acid  may  be  procured  by 
a  very  simple  process.  For  this  purpose  the  solid  urine  of 
the  boa  constrictor  is  reduced  to  a  fine  powder,  and  digested 
in  a  solution  of  pure  potash,  in  which  it  is  readily  dissolved 
with  disengagement  of  ammonia.  The  urate  of  potash  is  thea 
decomposed  by  adding  acetic,  muriatic,  or  sulphuric  acid  m 
slight  excess,  when  the  uric  acid  is  thrown  down,  and,  after 
being  washed,  is  collected  on  a  filter.  On  its  first  separation 
from  the  alkali  it  is  in  the  form  of  a  gelatinous  hydrate,  but 
in  a  short  time  this  compound  is  decomposed  spontaneously, 
and  the  uric  acid  subsides  in  small  crystals. 

Pure  uric  acid  is  white,  tasteless,  and  inodorous.  It  is  in- 
soluble in  alcohol,  and  is  dissolved  very  sparingly  by  cold  or 
hot  water,  requiring  about  10,000  times  its  weight  of  that 
fluid  at  60°  F.  for  solution.  (Prout.)  It  reddens  litmus 
paper,  and  unites  with  alkalies,  forming  salts  which  are  called 
urates  or  lithates.  The  uric  acid  does  not  effervesce  with 
alkaline  carbonates;  but  Dr.  Thomson  affirms  that  when 
boiled  for  some  time  with  carbonate  of  soda,  the  whole  of  the 
carbonic  acid  is  expelled.  A  current  of  carbonic  acid,  on  the 
contrary,  throws  down  the  uric  acid  when  dissolved  by  pot- 
ash.    This  acid  undergoes  no  change  by  exposure  to  the  air. 

Of  the  acids  none  exert  any  peculiar  action  on  the  uric 
excepting  nitric  acid.  When  a  few  drops  of  nitric  add, 
slightly  diluted,  are  mixed  on  a  watch-glass  with  uric  acid, 
and  the  liquid  is  evaporated  to  dryness,  a  beautiful  purple 
colour  comes  into  view,  the  tint  of  which  is  improved  by  the 
addition  of  water.  This  character  affords  an  unequivocal  test 
of  the  presence  of  uric  acid.  The  nature  of  the  change  will 
be  considered  immediately. 

Uric  acid  is  decomposed  by  chlorine.    Liebig  has  observed. 
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that  when  dry  uric  add  is  heated  with  dry  chlorine,  kd  eiior- 
moua  quaotity  of  cyanic  and  muriatic  acid  is  generated.  If 
the  uric  acid  is  moist,  chlorine  then  gives  rise  to  the  diaen- 
gagement  of  carbonic  and  cyanic  acids;  while  in  solution 
there  remain  muriatic  acid,  ammonia,  and  much  oxalic  acid. 

Uric  acid  has  been  repeatedly  analyzed  by  Df.  Prout,  and 
its  constituents,  according  to  his  latest  analysis,  (Medico- 
Chir.  Trans,  vol.  ix.)  are  in  the  following  proportions:— 


Carbon 
Hydrogen 
Oxygen 
Nitrogen 


or       6  equivalents. 


90 


The  crystallized  acid,  aa  analyzed  by  Prout,  is  supposed  by 
most  chemiBts  to  be  anhydrous ;  but  Dr.  Thomson  maintains 
that  on  exposing  90  parts  of  it  to  a  temperature  of  400°  F.  it 
loses  18  parts,  or  two  equivalents  of  water,  and  that  the  resi- 
due is  anhydrous  uric  add,  composed  of  6  equivalents  of  car- 
bon, 1  of  oxygen,  and  2  of  nitrogen.  On  this  view  the 
atomic  weight  of  uric  acid  is  72,  a  number  which  Dr.  Thom- 
son has  deduced  from  his  analysis  of  urate  of  soda. 

The  salts  of  uric  add  have  been  described  by  Dr.  Henry. 
(Manchester  Memoirs,  vol.  ii.  N.  S.)     The  only  ones  of  im- 
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a  distinct  acid  by  Dr.  Prout,  and  was  described  by  him  in 
the  Piiilosophical  Transactions  for  1818.  Though  colourless 
itself,  it  has  a  remarkable  tendency  to  form  red  or  purple  co- 
loured salts  with  alkaline  bases,  a  character  by  which  it  is 
distinguished  from  all  other  substances,  and  to  which  it  owes 
the  name  of  purpuric  acid^  suggested  by  Dr.  Wollaston. 
Thus  the  purple  residue  above  mentioned,  as  indicative  of  the 
presence  of  uric  acid,  is  purpurate  of  ammonia,  which  is 
always  generated  when  the  uric  is  decomposed  by  nitric  add. 

Purpuric  acid  may  be  prepared  by  the  following  process, 
for  the  outline  of  which  I  am  indebted  to  directions  kindly 
given  me  by  Dr.  Prout.  Let  200  grains  of  uric  acid,  pre- 
pared from  the  urine  of  the  boa  constrictor^  be  dissolved  in 
300  grains  of  pure  nitric  acid  diluted  with  an  equal  weight  of 
water,  the  uric  acid  being  added  gradually  in  order  that  the 
heat  may  not  be  excessive.  Effervescence  ensues  after  each 
addition,  nitrous  acid  fumes  appear,  heat  is  evolved,  and  a 
colourless  solution  is  formed,  which,  on  standing  in  a  coal 
place  for  some  hours,  yields  colourless  crystals,  which  have 
the  outline  of  an  oblique  rhomboidal  prism.  By  gentle  eva* 
poration  an  additional  quantity  may  be  obtained.  They  con- 
tain nitric  and  purpuric  acid  and  ammonia,  should  be  di». 
solved  in  water,  and  be  exactly  neutralized  by  pure  ammo- 
nia ;  and  the  liquid  is  then  digested  in  a  solution  of  potash 
until  the  ammonia  is  whollj'  expelled.  On  pouring  this  so- 
lution into  dilute  sulphuric  acid,  purpuric  acid  is  set  free, 
which,  being  insoluble  in  water,  subsides  as  a  granular  powder, 
of  a  white  colour  if  pure,  but  commonly  of  a  yellowish  white 
tint. 

Considerable  uncertainty  prevails  as  to  the  nature  of  pur- 
puric acid.  Vauquelin  denied  that  its  salts  have  a  purple 
colour,  attributing  that  tint  to  some  impurity,  and  Lassai^ne 
is  inclined  to  the  same  opinion  (An.  de  Ch.  et  Ph.  xxii.  334.)  ; 
but  from  the  intense  colour  given  even  by  a  very  minute 
quantity  of  purpuric  acid,  the  opinion  of  Dr.  Prout  appears 
to  me  the  more  probable.  The  composition  of  the  acid  is, 
likewise,  unsettled  ;  for  Dr.  Prout  has  expressed  a  doubt  of 
the  accuracy  of  the  analysis  which  he  formerly  published. 

The  name  of  erythric  acid  (from  r^^/yeiv,  to  redden)  was 
applied  by  Brugnatelli  to  a  substance  which  he  procured  by 
the  action  of  nitric  on  uric  acid.     It  obviously  contains  pur- 


ANIMAL    ACIDS.  877 

puric  acid,  and  Dr.  Prout  thinks  it  probable  that  it  is  a 
Bupenalt,  consisting  of  purpuric  and  nitric  acids,  and  am- 
monia, being  probably  identical  with  the  crystals  above  men- 
tioned. 

Rotacie  Acid. — This  name  was  applied  by  Proust  to  a 
peculiar  acid  supposed  to  exist  in  the  red  matter,  commonly 
called  by  medical  practitioners  the  lateritious  sediment,  which 
is  deposited  from  the  urine  in  some  stages  of  fever.  From 
the  experiments  of  Vogel  it  appears  to  be  uric  acid,  either 
combined  with  an  alkali,  or  modified  by  the  presence  of 
animal  matter.  Dr.  Prout  is  of  opinion  that  it  contains 
some  purpurate  of  ammonia ;  and,  as  he  has  detected  the 
presence  of  nitric  acid  in  the  urine  from  which  such  sediments 
were  deposited,  he  thinks  it  probable  that  the  purpurate  may 
be  generated  by  the  reaction  of  the  uric  and  nitric  acids  on 
each  other  in  the  urinary  passages. 

Hippuric  Acid. — Under  this  name,  derived  from  iwwof  a 
horse  and  iogn  urine,  Liebig  has  lately  described  a  peculiar 
compound,  which  is  deposited  from  the  urine  of  the  horse 
when  it  is  mixed  with  muriatic  acid  in  excess.  Tfaedeposite, 
which  is  crystalline  and  of  a  yellowish- brown  tint,  is  boiled 
with  milk  of  lime,  to  which  small  quantities  of  chloride  of  lime 
are  added,  until  the  urinous  odour  ceases.  It  is  then  digested 
with  animal  charcoal ;  and  on  mixing  the  hot  filtered  solution 
with  a  large  excess  of  muriatic  acid,  hippuric  acid  is  deposited 
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Formic  Acid. — A  sour  liquor  exists  in  ants,  which  they 
eject  when  irritated,  and  which  may  be  obtained  in  solution 
by  bruising  these  insects  into  a  pulp  with  water :  the  liquid 
was  supposed  by  Fourcroy  and  Yauquelin  to  contain  acetic 
and  malic  acids ;  but  the  experiments  of  Suersen,  Oehlen, 
Berselius^  and  Dobereiner  have  proved  that  it  is  a  mixture  of 
the  malic  with  a  peculiar  volatile  acid,  distinct  from  acetic 
acid,  and  easily  separable  by  distillation.  The  peculiar 
origin  of  this  compound  has  suggested  for  it  the  name  of 
formic  acid.  Dobereiner  has  shown  that  it  is  readily  gene- 
rated artificially  by  distilling  a  mixture  of  1  part  of  tartaric 
acid,  li  of  peroxide  of  manganese,  and  1^  of  sulphuric  acid 
diluted  ndth  about  2^  parts  of  water:  a  capacious  retort 
should  be  used,  as  the  materials  froth  up  during  the  process. 
The  tartaric  acid  receives  oxygen  from  the  manganese,  and  is 
resolved  into  water,  carbonic  acid,  and  formic  acid.  (An.  of 
Phil.  N.  S.  iv.  311.)  Liebig  and  Omelin  have  found  that 
several  other  substances,  such  as  sugar,  starch,  sugar  of  milk, 
and  ligneous  fibre,  may  be  substituted  for  tartaric  add ;  but 
the  formic  acid  is  then  accompanied  by  some  foreign  matter, 
which  may  be  removed  by  neutralizing  with  an  alkali,  and 
decomposing  the  formate  by  sulphuric  acid.  Even  alcohol 
may  be  used ;  but  it  must  be  employed  in  a  dilute  state,  in 
order  to  prevent  the  production  of  sulphuric  or  formic  ether. 
Formic  acid,  indeed,  appears  to  be  a  frequent  result  of  che- 
mical changes,  of  which  some  examples  were  formeriy  men- 
tioned ;  (pages  399,  and  736)  and  hence  it  is  important  to  be 
well  acquainted  with  its  composition. 

By  these  processes  formic  acid  is  procured  in  a  very  dilute 
state :  it  is  obtained  with  less  water  by  distilling  a  mixture  of 
1  part  of  water,  2  of  strong  sulphuric  acid,  and  3  of  dry  for- 
mate of  potash.  But  the  free  acid  in  its  most  concentrated 
form  has  not  less  than  19'6  per  cent  of  water,  and  a  density 
of  1S1168.  Formic  acid  is  a  feeble  acid,  has  a  sour  taste  and 
reaction,  and  its  odour  resembles  that  of  acetic  acid,  but  is 
attended  with  a  peculiar  pungency.  With  bases  it  forms 
crystallizable  salts,  by  the  form  of  which,  especially  of  the 
formates  of  baryta,  strontia,  lime,  and  zinc,  it  is  completdj 
distinguished  from  acetic  acid. 

According  to  the  analysis  of  formate  of  lead  by  Berzdius, 
the  equivalent  of  this  acid  is  inferred  to  be  37 ;  and  it  is  com* 
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UREA. 

Pure  urea  ia  procured  by  evaporating  fresh  urine  to  the 
consistence  of  a  ayrup,  and  then  gradually  adding  to  it,  when 
quite  cold,  pure  concentrated  nitric  acid,  which  should  be  free 
from  nitrous  acid,  till  the  whole  becomes  a  dark-coloured  cry- 
stallized mass,  which  is  to  be  repeatedly  washed  with  ice-cold 
water,  and  then  dried  by  pressure  between  folds  of  bibulous 
paper.  To  the  nitrate  of  urea,  thus  procured,  a  pretty  strong 
solution  of  carbonate  of  potash  or  soda  is  added,  until  the  add 
is  neutralized ;  and  the  solution  is  afterwards  concentrated  by 
evaporation,  and  set  aside,  in  order  that  the  nitre  may  separate 
in  crystals.  Dr.  Prout  recommends  that  the  residual  liquid, 
which  is  an  impure  solution  of  urea,  should  be  made  up  into 
a  thin  paste  with  animal  charcoal,  and  be  allowed  to  remain 
in  that  state  for  a  few  hours.  The  paste  is  then  mixed  with 
cold  water,  which  takes  up  the  urea,  while  the  colouring  mat- 
ter is  retained  by  the  charcoal;  and  the  colourless  solution  is 
evaporated  to  dryness  at  a  low  temperature.  The  residue  is 
then  boiled  in  pure  alcohol,  by  which  the  urea  is  dissolved, 
and  from  which  it  is  deposited  in  crystals  on  cooling.  (Me- 
dico. Cliir.  Trans,  viii.  529)  In  order  to  obtain  them  quite 
colourless,  it  is  necessary  to  redissolve  in  alcohol,  and  crystal- 
lize a  second  or  even  a  third  time. 

The  crystals  of  pure  urea  are  transparent  and  colourless,  of 
a  slight  pearly  lustre,  and  have  commonly  the  form  of  a  four- 
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the  urine  of  the  foetus.     The  mistake  of  the  discoverers  has 
also  been  corrected  by  Lassaigne.     (An.  de  Ch.  et  Ph.  xxxiii. 

279.) 

The  allantoic  acid  is  obtained  by  gently  evaporating  the 
liquid  of  the  allantois  of  the  foetal  calf,  when  the  acid  is  de- 
posited in  the  form  of  white  acicular  crystals.  It  is  very 
sparingly  soluble  in  water,  but  yields  with  the  alkalies  so- 
luble compounds  which  are  decomposed  by  most  of  the  acids. 
According  to  the  analysis  of  Liebig  its  elements  are  in  the 
ratio  of  5  equivalents  of  carbon,  4  of  hydrogen,  2  of  nitro- 
gen, and  4  of  oxygen. 

Several  other  animal  acids,  such  as  the  stearic,  oleic,  mar- 
garic,  and  others,  should  also  be  mentioned  here;  but  as 
they  are  closely  allied  to  the  fatty  principles  from  which  they 
are  derived,  they  will  be  more  conveniently  described  in  the 
following  section. 

SECTION  III. 

OLEAGINOUS   SUBSTANCES. 
ANIMAL   OILS    AND   FATS. 

Thb  fatty  principles  derived  from  the  bodies  of  animals  are 
very  analogous  in  composition  and  properties  to  the  vegetable 
fixed  oils ;  and  in  Britain,  where  the  latter  are  comparatively 
expensive,  the  former  are  employed,  both  for  the  purpose  of 
giving  light,  and  for  the  manufacture  of  soap.  Their  ultimate 
elements  are  carbon,  hydrogen,  and  oxygen;  and  most  of 
them,  like  the  fixed  oils,  consist  of  stearine  and  elaone. 

From  a  curious  experiment  of  B6rard  it  appears  that  a 
substance  very  analogous  to  fat  may  be  made  artificially.-— 
On  mixing  together  one  measure  of  carbonic  acid,  ten  mea- 
sures of  carburetted  hydrogen,  and  twenty  of  hydrogen,  and 
transmitting  the  mixture  through  a  red-hot  tube,  several  white 
crystals  were  obtained,  which  were  insoluble  in  water,  soluble 
in  alcohol,  and  fusible  by  heat  into  an  oily  fluid.  (An.  c^Pb. 
xii.  41.)  Dobereiner  prepared  an  analogous  substance  from 
a  mixture  of  coal  gas  and  aqueous  vapour. 

Train  Oil. — Train  oil  is  obtained  by  means  of  heat  from 
the  blubber  of  the  whale,  and  is  employed  extensively  in 
making  oil  gas,  and  for  burning  in  common  lamps.  It  is 
generally  of  a  reddish  or  yellow  colour,  emits  a  strong  un* 
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SUGAR   OF   MILK    AND    SUGAR   OF   DIABETES. 

Sugar  of  Milk. — The  saccharine  principle  of  milk  is  ob- 
tained from  whey  by  evaporating  that  liquid  to  the  consist- 
ence of  syrup,  and  allowing  it  to  cool.  It  is  afterwards  puri- 
fied by  means  of  albumen  and  a  second  crystallization. 

The  sugar  of  milk  has  a  sweet  taste,  though  less  so  than 
the  sugar  of  the  cane,  from  which  it  dilTers  essentially  in  se- 
veral  other  respects.  Thus  it  requires  seven  parts  of  cold 
and  four  of  hoiling  water  for  solution,  and  is  insoluble  in 
alcohol.  It  is  not  susceptible  of  undergoing  the  vinous  fer- 
mentation ;  and  when  digested  with  nitric  acid  it  yields  sac- 
cholactic  acid,  a  property  first  noticed  by  Scheele,  and  which 
distinguishes  the  saccharine  principle  of  milk  from  every 
other  species  of  sugar.  Like  starch,  it  is  convertible  into 
real  sugar  by  being  boiled  in  water  acidulated  with  sulphuric 
acid. 

Sugar  of  milk  contains  no  nitrogen,  and  according  to  the 
analysis  of  Gay-Lussac  and  Thenard,  is  very  analogous  to 
common  sugar  in  the  proportion  of  its  elements. 

Sugar  of  Diabetes. — In  the  disease  called  Diabetet  the 
urine  contains  a  peculiar  saccharine  matter,  which,  when  pro- 
perly purified,  appears  identical  both  in  properties  and  com- 
position with  vegetable  sugar,  approaching  nearer  to  the  su- 
gar of  grapes  than  that  from  the  sugar-cane.  This  kind  of 
sugar  is  obtained  in  an  irregularly  crystalline  mass  by  evapo- 
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soluble  in  water.  The  alcoholic  solution,  when  evaporated, 
leaves  an  oily  fluid  which  is  elai'ne.  They  may  be  then  ren- 
dered quite  pure  by  re-solution  in  boiling  alcohol. 

For  a  full  account  of  the  acids  generated  during  the  forma- 
tion of  soap  by  the  action  of  alkaline  substances  on  oil  or  fat, 
I  refer  to  the  treatise  of  Chevreul  Sur  Les  Corpg  Grat. 
Margaric  and  oleic  adds  are  best  prepared  from  soap  made 
with  potash  and  fluid  vegetable  oil.  This  soap,  after  being 
dried  as  much  as  possible,  is  treated  by  successive  portions  of 
cold  alcohol  of  specific  gravity  0*821,  in  which  the  oleate  of 
potash  is  soluble,  and  the  margarate  insoluble.  The  two  salts 
being  thus  separated,  are  decomposed  by  means  of  an  add. 

Margaric  add,  so  named  from  its  pearly  lustre  (from 
(utpyetpiT/iS  a  pearl)  is  insoluble  in  water,  and  is  hence  predpi- 
tated  in  acids  from  the  solution  of  its  salts.  It  is  abundantly 
dissolved  by  hot  alcohol,  and  is  deposited  from  the  saturated 
solution,  in  cooling,  in  a  crystalline  mass  of  a  pearly  lustre. 
At  140°  F.  it  is  fused,  and  shoots  into  brilliant  white  adcular 
crystals  as  it  cools.  It  has  an  add  reaction,  and  its  salts, 
those  of  the  alkalies  excepted,  are  very  sparingly  soluble  in 
water.  The  crystallized  add  contains  3*4  per  cent  of  water, 
and  the  acid  itself  consists  of  79  parts  of  carbon,  12  of  hydro- 
gen, and  9  of  oxygen. 

Oleic  acid  is  best  prepared  from  soap  made  with  linseed  oil 
and  potash,  since  the  greater  part  of  it  consists  of  oleate  of 
potash.  This  salt  is  first  separated  from  margarate  of  potash 
by  cold  alcohol,  and  the  oleic  add  then  predpitated  from  an 
aqueous  solution  of  the  oleate  by  means  of  an  arid.  At  the 
mean  temperature  oleic  acid  is  a  colourless  oily  fluid,  which 
congeals  when  it  is  cooled  to  near  zero.  It  has  a  slightly 
randd  odour  and  taste,  and  reddens  litmus  paper.  Its  spedfic 
gravity  is  0*898.  It  is  insoluble  in  water,  but  is  dissolved  in 
every  proportion  by  alcohol.  Of  the  neutral  oleates  hitherto 
examined,  that  of  soda  and  potash  are  alone  soluble  in  water. 
In  its  pure  state  it  contains  38  per  cent  of  water,  and  consists, 
the  water  abstracted,  of  80*97  parts  of  carbon,  11-36  of  hy. 
drogen,  and  7*7  of  oxygen. 

Stearic  Acid. — This  acid  is  best  prepared  from  acMtp  made 
with  potash  and  suet  or  hogslard,  and  exists  in  this  scmp,  to* 
gether  with  margaric  and  oleic  acids.  The  soap  is  disaolved 
in  six  times  its  wdght  of  warm  water,  then  mixed  with  40  or 
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50  partB  of  c(dd  water,  and  the  mixture  set  aside  in  a  place 
the  temperature  of  which  i>  about  56°.  A  precipitate  of  a 
pearl;  lustre  gradually  collects,  consisting  of  the  bi-margarate 
and  bi-Htearate  of  potash,  which  are  to  be  collected  and  well 
washed  upon  a  filter.  The  two  salts  are  then  separated  by 
repeated  solution  in  about  20  times  th^r  weight  of  boiling 
alcohol,  from  which  on  cooling  the  whole  of  the  bi-stearate  is 
deposited,  while  part  of  the  bi-margarate  on  each  occasion  is 
retained  in  solution.  The  former  is  considered  pure  when 
the  stearic  acid,  separated  from  the  potash  by  means  of  an- 
other acid,  requires  a  temperature  of  158°  P.  for  fusion. 

Stearic  add  is  very  simitar  in  its  appearance  and  properties 
to  margaric  acid,  and  the  chief  ground  of  distinction  between 
them  is  in  the  latter  being  rather  more  fusible,  and  containing 
rather  more  oxygen  than  the  former. 

Sebacic  Acid. — Thenard  has  applied  this  name  to  an  add 
which  is  obtained  by  the  distillation  of  hogslard  or  suet,  and 
is  found  in  the  redpient  mixed  with  acetic  add  and  fat,  par- 
tially decomposed.  It  is  separated  from  the  latter  by  means 
of  boiling  water,  and  from  the  former  by  acetate  of  lead. 
The  sebale  of  lead,  which  subsides,  is  subsequently  decom- 
posed by  sulphuric  add. 

Sebacic  add  reddens  litmua  paper,  dissolves  freely  in  alco- 
hol, and  is  more  soluble  in  hot  than  in  cold  water.  It  melts 
like  fat  when  heated,  and  crystallizes  in  small  white  needles 
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which  Bussy  and  Lecanu  have  applied  the  names  of  margaru 
tic,  ricinic,  and  elaiodic  acid.  The-  Cevadic  acid  was  pre- 
pared in  a  similar  manner  by  Pelletier  and  Caventou  from 
(h1  derived  from  the  seeds  of  the  Veratrum  Sabadilla:  and  the 
Eame  chemist  has  ^ven  the  name  ofjatrophic  acid  (more  pro- 
perly croionic)  to  the  add  of  the  soap  made  from  crottm  oil. 
Thirf  oil  is/derived  from  the  seeds  of  the  Croton  Tiglium. 

"I'he  sfvtet  principle  of  mis,  glycerine  of  CheTreul,  was  dis- 
itovered  by  Scheele.  It  was  originally  obtained  in  the  forma- 
tion of  common  plaster  by  boilijig  oil  with  oxide  of  lead  and 
altttle  ^ater;  and  Chevreul  fojSnd  that  it  is  produced  during 
^e  saponification  of  fatty  stttistonces  in  general.  In  pre- 
paring Bosp  by  means  of  pot{£h,'the.  gl^A^ne  is  left  in  the 
mother  liquor;  and  on  neutralizing  the  free  alkaU  with  sul- 
phuric acid,  evaporating  to  the  consistence  of  syrup,  and 
treating  the  residue  with  alcohol,  it  is  dissolved.  The  alco- 
holic solution,  when  evaporated,  yields  glycerine  in  the  form 
of  an  uncrystallizable  syrup.  It  is  soluble  in  water  and  al- 
cohol, and  has  a  sweet  taste,  but  is  not  susceptible  either  of 
the  vinous  or  acetous  fermentation.  According  to  the  analy- 
sis of  Chevreul,  glycerine,  of  the  specific  gravity  of  1'27,  coo- 
tains  40071  parts  of  carbon,  8925  of  hydrogen,  and  51-004 
of  oxygen. 

Spermaceti. — ^This  inflammable  substance,  which  is  prepared 
from  the  spwmaceti  whale,  as  above  mtelianed,  commonly 
occurs  in  Crystalline  plates  of  a  white  colour  wad  silvery  lustre. 
It  is  t»i(tle,  and  feels  soft  and  slightly  unctuous  to  the  touch. 
It  has  no  taste,  and  scarcely  any  odour.  It  is  insoluble  in 
water,  but  dissolves  in  about  thirteen  times  its  weight  of  bml- 
ing  alcohol,  from  which  the  greater  part  is  deposited  on  cool- 
ing in  t^e  ferm  of  brilliant  scales.  It  is  still  more  stduble  ia 
ether.  ;ly  fusible,  liquefying  at  a  temperature 

which  >w  212^F.    Digested  with  pure  potash 

it  is  CI  p,  and  the  acid  then  generated  has  re- 

ceived tlie  name  of  cetic  add. 

Tht  ommerce  always  contains  some  fluid  oil, 

from  ^  purified  by  solution  in  boiling  alcohol. 

To  thi  le  acftles  deposited  from  the  spirit  as  it 

cools,  lermaceti  in  a  state  of  peffect  purity, 

Chevr  >  name  of  cetine. 

Adipocire. — When  a  piece  of  fresh  muscle  is  exposed  for 
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Bome  time  to  the  action  of  water,  or  is  kept  in  moist  earth,  the 
fibrin  entirel;  disappears,  and  a  fatty  matter  called  adipocire 
remains,  which  has  some  resemblance  to  apermaceli.  The 
fibrin  was  formerly  thought  to  be  really  converted  into  adi- 
pocire; but  Gay-Lussac*  and  Chevreul  maintain  that  tbia 
substance  proceeds  entirely  from  the  fat  originally  present  in 
the  muscle,  and  that  the  fibrin  is  merdy  destroyed  by  putre- 
faction. Dr.  Thomson  maintains,  however,  that  the  conver- 
sion of  fibrin  into  fat  does  occur  in  some  iDstaoces*  aitd  baa  re- 
lated a  remarkable  case  in  proof  of  hia  opinion.  (An.  dfPhiL 
voL  xii.  p.  41.)  According  to  H.  Chevreul,  the  adipocbe  It 
not  a  pure  fatty  principle^  but  a  apedes  of  soap,  dttefly  ood< 
sisting  c^  margaric  add  in  combination  with  amr"ffnift  goie- 
rated  durii^  the  decompodtioo  of  the  fibrin. 

CAo/e>/crMe.-f'~— This  name  is  applied  by  Chevreul  to  the 
crystalline  matter  which  constitutes  the  basis  of  moat  of  tbe 
biliary  concretions  formed  in  the  human  subject  Fourcroy, 
regarding  it  as  identical  with  spermaceti  and  tbe  fatty  matter 
just  described,  comprehended  all  these  substances  under  the 
genera]  appellation  of  adipocire;  but  Chevreul  has  shown 
that  it  is  an  independent  prindple,  wholly  different  from 
spermaceti. 

Cholesterine  is  a  white  brittle  solid  of  a  crystalline  lamel- 
lated  structure  and  brilliant  lustre,  very  much  i 
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butter ;  it  is  lighter  than  water,  and  fusible  at  136^°  F.  In 
mass  it  is  of  an  orange-yellow  tint ;  but  when  the  aloobolic 
solution  is  evaporated  spontaneously,  it  is  deposited  in  acicular 
crystals  of  a  white  colour.  It  reddens  litmus  paper,  and  neu- 
tralizes alkaline  bases.  The  diolesterates  of  potash  and  soda 
are  deliquescent  and  very  soluble  in  water,  but  insoluble  in 
alcohol  and  ether.  The  cholesterates  of  the  earths  and  other 
metallic  oxides  are  either  sparingly  dissolved  by  water  or  alto- 
gether insoluble.  Its  salts  are  precipitated  by  the  mineral  and 
most  of  the  vegetable  acids ;  but  are  not  decomposed  by  car- 
bonic acid. — For  these  facts  respecting  the  formation  and  pro- 
perties of  cholesteric  acid,  we  are  indebted  to  the  experimeDts 
of  Pelletier  and  Caventou.  (Journal  de  Pharmade,  III.  292.) 

Cholesterine  has  been  detected  in  the  bile  of  man,  and  of 
several  of  the  lower  animals,  such  as  the  ox,  dog,  pig,  and  bear. 
This  interesting  discovery  was  made  about  the  same  time  by 
Chevreul  in  Paris,  and  by  Tiedemann  and  Gmelin  in  Heidel- 
berg. Lassaigne  has  likewise  found  it  in  the  biliary  calculus 
of  a  pig.  (An.  de  Ch.  et  de  Ph.  xxxi.)  It  is  frequently  formed 
in  parts  of  the  body  quite  unconnected  with  the  hepatic  rir- 
culation,  and  appears  to  be  a  common  product  of  deranged 
vascular  action.  Caventou,  in  the  Journal  de  Pharmacie  for 
October  1826,  states  that  the  contents  of  an  abscess,  formed 
under  the  jaw,  apparently  in  consequence  of  a  carious  tooth, 
was  found  by  him  to  consist  almost  entirely  of  cholesterine. 
In  'the  article  calcul  of  the  Nouveau  Dictionnaire  de  M6de^ 
cine,  M.  Breschet  observes  that  cholesterine  has  been  found  in 
cancer  of  the  intestines,  and  in  the  fluid  of  hydrocele  and  ascites 
in  the  human  subject ;  and  he  adds  that  M.  Barruel  procured 
it  in  large  quantity  from  an  ovarian  cyst  in  a  mare,  and  in 
the  fluid  drawn  off  from  the  ovary  of  a  woman,  and  scrotum 
of  a  man.  Breschet  has  found  it  also  in  a  tumor  under  the 
tongue.  Dr.  Christison  found  it  in  the  fluid  of  hydrocele, 
taken  from  a  patient  in  the  Royal  Infirmary  of  Edinburgh  by 
the  late  Dr.  William  CuUen,  in  an  osseous  cyst,  into  which  the 
kidneys  of  another  patient  was  converted,  and  in  the  mem- 
branes of  the  brain  of  an  epileptic  patient. 

The  best  method  of  preparing  pure  cholesterine  is  to  treat 
human  biliary  concretions,  reduced  to  powder,  with  boiliDg 
alcohol,  and  to  filter  the  hot  solution  as  rapidly  as  possible. 
As  the  liquid  cools,  the  greater  part  of  the  cholesterine  sub> 
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mdes.     Id  this  way  it  is  freed  from  tfae  colouring  matter  with 
which  it  is  commonly  associated  in  the  gall-stone. 

Ambergris.— 'Lida  substance  is  found  floating  on  the  sur- 
face of  the  sea  near  the  coasts  of  India,  Africa,  and  Brazil, 
and  is  supposed  to  be  a  concretion  formed  in  the  stomach  of 
the  spermaceti  whale.  It  has  commonly  been  regarded  as  a 
resinous  principle;  but  its  chief  coDstituent  is  a  substance 
very  analogous  to  cholesterine,  and  to  which  Pelletier  and 
Caventou  have  given  the  name  of  ambreine.  By  digestim  in 
nitric  acid  ambreine  is  converted  into  a  peculiar  acid  called 
the  ambreic  acid.     (An.  <^  Phil.  vol.  xvi.) 


ON  THE   MOKE  COMPLEX  ANIMAL   SUBSTANCES, 
AND  SOME  FUNCTIONS  OF  ANIMAL  BODIES- 
SECTION  I. 
ON   THE    BLOOD,   BESPIEATION,   AND    ANIMAL    HEAT. 
Thb  blood  is  distinguished  from  other  animal  fluids  by  its 
colour,  which  is  a  florid  red  in  the  arteries  and  of  a  dark 
purple  tint  in   the   veins.     Its   taste  is   slightly  saline,  its 
odour  peculiar,  and  to  the  touch  it  seems  somewhat  unctuous. 
Its  specific  gravity   is  variable,   but  most   commonly  it  is 
near  1'05;    and  in   man   its   temperature  is  about  98°  f>r 
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those  of  Young,  led  to  the  belief  that  the  entire  red  globule 
consists  of  a  central  smaller  globule  of  fibrin,  which  is  sur- 
rounded with  a  pellicle  or  film  of  colouring  matter :  the  co- 
loured globules  manifest  no  tendency  to  cohere;  but  the 
nuclei  of  fibrin,  when  deprived  of  their  colouring  envdope, 
which  they  soon  lose  after  the  blood  is  drawn,  adhere  to- 
gether with  great  facility.  (PhU.  Trans.  1818.  p.  172.) 
These  remarks  have  been  corroborated  by  the  latest  ob- 
servers, Prevost  and  Dumas,  who  extended  thdr  researches 
to  the  blood  of  various  animals ;  and  they  further  observed 
that  in  birds  and  the  cold-blooded  tribes  the  globules  are 
elliptical,  while  they  are  spherical  in  mammiferous  animals. 

The  liquor  safiguinis,  considered  by  some  as  serum,  has  been 
shown  by  Dr.  Benjamin  Babington,  in  a  short  essay  replete 
with  sound  observation,  to  be  very  similar  to  chyle,  and  to 
consist  of  fibrin  held  in  solution  along  with  albuminous,  olea- 
ginous, and  saline  matter  by  the  water  of  the  blood.  When 
set  at  rest  the  liquor  sanguinis  coagulates,  yielding  a  uniform 
jelly  of  precisely  the  same  volume  as  when  it  was  h'quid,  and 
possessing  the  exact  figure  of  the  containing  vessel ;  and  in  a 
short  time,  by  the  contraction  of  the  mass  of  coagulated 
fibrin,  a  yellowish  liquid  appears,  which  is  the  serum  of  the 
blood.  The  microscopical  observations  of  Mr.  Bauer,  dted 
by  the  late  Sir  E.  Home  in  the  Croonian  lecture  for  1818, 
(Phil.  Trans.  1819)  p*  i.)  prove  that  during  this  process  nu- 
merous globules,  smaller  than  the  colourless  nuclei  of  the 
red  globules  are  generated,  and  give  rise  to  coagulation  by 
mutual  adhesion.  Though  the  production  of  these  globules 
is  most  abundant  soon  after  the  blood  is  drawn,  yet  their 
developement  continues  for  several  days :  Mr.  Bauer  ob- 
served them  to  appear  in  the  dear  serum  of  a  sheep  8  or  10 
days  after  removid  from  the  animal ;  and  Mr.  Faraday  made 
the  same  observation  with  the  serum  of  human  blood. 

It  is  the  liquor  sanguinis,  thus  shown  to  be  spontaneously 
separable  into  fibrin  and  serum,  which  forms  a  yellowish 
liquid  stratum  at  the  surface  of  blood  recently  drawn  from 
persons  in  acute  rheumatism  or  other  inflammatory  fevers. 
In  such  affections  the  liquor  sanguinis,  from  causes  not  at  all 
understood,  generally  coagulates  with  unusual  slowness,  so 
that  the  heavier  red  globules  have  time  to  subside  to  an 
appredable  extent,  leaving  an  upper  stratum  of  nearly  co- 
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lourleBB  fluid,  which  by  the  caudoua  use  of  a  spoon  may  be 
removed  and  collected  in  a  separate  vessel.  The  huffy  coat 
of  such  blood  is  the  pure  fibrin  separated  by  coagulation 
from  the  liquor  sanguinis.  The  coagulable  lymph  of  Sur- 
geons, which  is  thrown  out  on  cut  surfaces,  appears  to  be  the 
liquor  sanguinis ;  and  this  fluid  is  also  not  unfrequently  ex- 
haJed  in  dropsies,  when  the  fibrin  either  constitutes  a  g^li- 
nous  deposite,  or  appears  as  white  flakes  floating  in  the  serous 
fluid.  It  is  poured  out  by  the  intestines  during  an  attack  of 
cholera,  the  rice-water  fluid  characteristic  of  that  disease  con- 
sisting of  a  saline  and  albuminous  solution,  in  which  numerous 
shreds  of  fibrin  are  suspended. 

When  blood  drawn  from  a  healthy  person  is  set  at  rest*  it 
speedily  coagulates,  and  is  found  after  a  few  hours  to  have 
separated  itself  into  two  parts,  one  the  serum  identical  with 
that  obtained  from  the  liquor  sanguinis,  and  the  other  a  uni- 
formly red  coagulum  called  the  clot,  cruor,  or  eranatMntvm, 
The  uniform  redness  of  the  clot  is  owing  to  the  fibrin  coagu- 
lating before  the  red  globules  have  had  time  to  subside.  It 
contains  the  colouring  matter  of  the  blood,  together  with  all 
the  fibrin,  except  traces  held  in  solution  in  the  serum,  as  well 
that  which  had  formed  part  of  the  liquor  sanguinis,  as  the 
fibrinous  nuclei  of  the  red  globules.  The  ratio  of  the  clot  and 
serum  is  very  variable,  and  by  no  means  represents  the  quan- 
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An  elaborate  examination  of  the  blood  was  made  during 
the  course  of  last  year  by  M.  Lecanu,  and  the  fcdlowing  table 
contains  the  results  of  two  analyses  :^-(An.  de  Ch.  et  Ph. 
xlviii.  3060 

Water 

Fibrin       .... 


Colouring  matter 
Albumen 

Crystalline  fatty  matter     . 
Oily  matter 
Extractive  matter  soluble  in  water  ) 
and  alcohol  .         .         .         .        j 
Albumen  combined  with  soda 
Chloride  of  sodium 

potassium 

Carbonates  ^ 

Phosphates  >  of  potash  and  soda 

Sulphates     J 

Carbonates  of  lime  and  magnesia 

Phosphates  of  lime,  magnesia,  and 

iron         .... 
Peroxide  of  iron 

JjOSS  •  •  •  .  a 


780145    . 

785-590 

2100    . 

3-565 

133-000    . 

119-626 

65-090    . 

69-415 

2-430    . 

4-300 

1-310    . 

2-270 

1-790    . 

1-920 

1-265    . 

2-010 

1 


8-370 


7-304 


2100 


2-400 


1-414 


2-586 


1000000       1000-000 

The  earthy  salts  were  obtained  by  incinerating  the  albumen, 
and  the  trace  of  iron  was  obviously  derived  from  a  little  colour- 
ing  matter  of  the  blood.  Fatty  matter  appears  to  be  always 
present  in  serum,  having  been  found  by  Dr.  B.  Babington  as 
well  as  by  Lecanu  :  the  former  obtained  it  by  agitating  serum 
repeatedly  but  gently  with  ether,  which  took  up  the  fatty 
substance,  and  left  it  by  evaporation  ;  while  the  latter  mixed 
the  serum  with  alcohol,  and  dissolved  the  fatty  principles 
from  the  alcoholic  extract  by  means  of  ether.  The  oily 
matter  of  the  serum  is  very  soluble  in  ether  and  cold  alcohol, 
is  liquid  at  common  temperatures,  and  is  readily  converted 
into  soap  by  potash.  The  crystalline  fatty  matter  is  similar 
in  appearance  to  cholesterine,  resists  the  action  of  potash,  and 
is  soluble  in  ether  and  boiling  alcohol :  it  appears  to  contain 
nitrogen  as  one  of  its  elements. 

The  relative  proportion  of  the  ingredients  of  the  blood 
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must  neceuorily  vary  independent  of  disease  even  in  the  ume 
indindual,  according  as  the  nutrition  is  Bcsnty  or  abundant. 
According  to  Lecanu  slight  variations  arise  from  difference 
of  age  and  sex,  and  the  following  comparative  view  is  the 
mean  of  his  analyses  made  with  blood  drawn  from  ten  women 
and  from  ten  men. 

FemUa.  Hmle. 

Water 80437    .     789-32 

Albumen 6978    .      67-60 

Saline  and  extractive  matter  .         .         995     ■      10-69 
Red  Globules        ....    11696    .    133-49 


100000  1000^0 
In  addition  to  the  constituents  of  the  blood  already  enume- 
rated, M.  Barruel  declares  that  this  fiuid  contains  a  volatile 
prinaple,  peculiar  to  each  species  of  animal.  This  principle 
has  an  odour  resembling  that  of  the  cutaneous  or  pulmonary 
exhalation  of  the  animal,  and  serves  as  a  distinctive  character 
by  which  the  blood  of  different  animals  may  be  recognized. 
It  is  dissolved  in  the  blood,  and  its  odour  may  be  perceived 
when  the  blood  or  its  serum  is  mixed  with  strong  sulphuric 
add.  The  odour  is  commonly  stronger  in  the  male  than  in 
the  female.  In  man  it  resembles  the  human  perspiration  ;  in 
the  ox,  it  smells  like  oxen  or  a  cow-bouse ;  and  the  odour 
Irom  borses*  Uood  is  similar  to  ^at  of  its  perspiration.  (Joum. 
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the  coagulation  of  the  blood,  has  a  yellowish  colour,  is  trans- 
parent when  carefully  collected,  has  a  slightly  saline  taste, 
and  is  somewhat  unctuous  to  the  touch.  Its  average  specific 
gravity  is  about  1029-  It  has  a  slight  alkaline  reaction  with 
test  paper,  owing  to  the  presence  of  soda,  which  some  chemists 
believe  to  be  combined  with  carbonic  acid  and  others  with 
albumen  :  the  last  opinion  is  the  more  probable,  since  serum, 
when  agitated  with  carbonic  acid,  absorbs  that  gas  in  consi- 
derable quantity.  Like  other  albuminous  liquids,  it  is  co- 
agulated by  heat,  acids,  alcohol,  and  all  other  substances 
which  coagulate  albumen.  On  subjecting  the  ooogulum  pre- 
pared by  heat  to  gentle  pressure,  a  small  quantity  of  a  colour- 
less limpid  fluid,  called  the  serosity^  oozes  out,  which  contains 
according  to  Dr.  Bostock  about  l-SOth  of  its  weight  of  ani- 
mal matter,  together  with  a  little  muriate  of  soda.  Of  this 
animal  matter  a  portion  is  albumen,  which  may  easily  be 
coagulated  by  means  of  galvanism ;  but  a  small  quantity  of 
some  other  principle  is  present,  which  differs  both  from  albu- 
men and  gelatine.     (Med.  Ghir.  Trans,  ii.  166.) 

The  composition  of  the  serum,  according  to  the  late  ana- 
lysis of  Lecanu,  may  be  seen  from  his  analysis  of  the  blood, 
abstracting  the  colouring  matter  and  fibrin  which  are  foreign 
to  it.  (Page  890.)  The  late  Dr.  Marcet  found  that  1000 
parts  of  the  serum  of  human  blood  are  composed  of  water 
900  parts^  albumen  86.8^  muriate  of  potash  and  soda  6*6, 
muco-ex tractive  matter  4,  carbonate -of  soda  1*65,  sulphate  of 
potash  0*35,  and  of  earthy  phosphates  0*60.  This  result 
agrees  very  nearly  with  that  obtainedolgirfienEelius,  who 
states  that  the  extractive  matter  of  I^arcet  is  lactate  of  soda 
united  with  animal  matter.     (Med.  Ghir.  Trans,  iii.  231.) 

Colouring  matter  of  the  blood. — This  substance,  to  which 
the  term  hematosine  is  now  applied,  is  so  analogous  in  moat 
of  its  chemical  relations  to  albumen,  that  its  complete  sepa- 
ration from  it  is  attended  with  great  difficulty.  It  is  ob* 
tained  nearly  pure  by  cutting  the  clot  of  blood  info  very  thin 
slic€f^*wlth  a  sharp  knife,  as  advised  by  Berzelius,  soaking 
them  repeatedly  in  distilled  water,  aM. letting  them  drain  on 
bibulous  paper  after  each  immersion :    the  slices  are  then 

ft 

broken  up  in  distilled  water  with  a  :stick,  briskly  sttrring  in 
order  to  dissolve  the  cdouring^  matter ;  and  the  filtered  solu- 
tion is  evaporated  to  dryness'  in  shallow  capsules  or  dishes  at 
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a  temperature  of  80°  or  100°  F.  As  thui  prepared  the  co- 
louring matter,  or  bematosine,  is  soluble  and  possessed  of  all 
its  characters;  but  it  retains  a  little  serum.  It  may  be  still 
further  purified  by  the  method  of  Engelhart,  which  is  found- 
ed on  the  fact  that  hematosine  is  more  coagulable  by  heat 
than  slbumeD :  serum  diluted  with  ten  parts  of  water  does 
not  coagulate  at  160^  F ;  whereas  hematosine,  diiaolved  in 
fifty  part*  of  water,,  b^ns  to  coagulate  at  140°  ;F  and  is 
thrown  down  in  insoluble  flocLs  of  a  brown  colour.  Unfor- 
tunatcdy,  however,  its  characters  are  changed  by  this  opera- 
tion, coagulated  and  uncoagulated  hematosine  bearing  the 
same  relation  to  each  other  aa  soluble  and  insoluble  albumen. 
For  tbe  purpose  of  ultimate  analysis  the  pure  insoluble  hema> 
tonne  should  be  employed  ;  but  for  examining  the  properties 
of  hematosine,  its  less  pure  but  soluble  state  is  preferable. 

Soluble  hematosine,  when  quite  dry,  is  black,  with  a  lustre 
like  jet  in  mass,  and  red  in  powder  or  in  thin  layers,  is 
insipid  to  the  taste,  and  inodorous.  In  cold  water  it  readily 
dissolves,  forming  a  red  liquid,  which  may  be  preserved  with- 
out change  for  months.  Its  solution,  like  that  of  albumen, 
may  be  coagulated  by  heat  w  already  mentioned ;  btit  when 
quite  dry  it  DMiy  bp  heated  to  S12°  f.  without  being  ren- 
dend  insoluble.  AlccAol  «nd  addtf  .Ukewise  predpitate  it : 
the  Utter  deepen  iU  tint,  and'-faULfi^ coiabinatian  with  It ;  but 
the  compounds  of  hematosine  in  the  muriatic,  sulphuric,  and 
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prepared  from  human  blood,  contains  very  little  albumen  ; 
but  that  the  colouring  matter  of  blood  from  the  ox  and  sheep 
appears  to  be  a  compound,  in  nearly  equal  parts,  of  hemato- 
sine  and  albumen.     (An.  de  Ch.  et  Ph.  xlv.  6.) 

Hematosine,  according  to  the  analysis  of  Mich'aelis,  conasta 
of  carbon,  hydrogen,  nitrogen,  and  oxygen,  very  nearly  in  the 
same  ratio  as  in  fibrin  and  albumen ;  but  it.  differs  from  both 
in  containing  iron.  This  was  announced  in  1806  by  Berze- 
lius  in  his  comparative  examination  of  the  ingredients  of  the 
blood :  (Med.  Chir.  Trans,  iii.  213,)  from  the  albumen  and 
fibrin  he  could  obtain  no  iron ;  but  100  parts  of  hemato- 
sine,  when  burned  in  the  open  air,  left  1*25  of  ashes,  con- 
taining 0*625  of  oxide  of  iron,  and  0*625  of  a  mixture  of  car- 
bonate and  phosphate  of  lime,  phosphate  of  magnesia,  and  sub- 
phosphate  of  iron.  He  was  unable  to  detect  the  presence  of 
iron  by  any  of  the  liquid  tests.  These  facts,  though  questioned 
by  other  chemists,  were  fully  established  by  Dr.  Engdhart, 
who  gained  the  prize  offered  in  the  year  1825  by  the  Medical 
Faculty  of  Gottingen  for  the  best  Essay  on  the  nature  of  the 
colouring  matter  of  the  blood.  (Edinb.  Med.  and  Surg.  Joum. 
for  January,  1827.)  He  demonstrated  that  the  fibrin  and 
albumen  of  the  blood,  when  carefully  separated  from  colour- 
iDg  particles,  do  not  contain  a  trace  of  iron  ;  and,  on  the  con- 
trary, he  procured  iron  from  the  red  globules  by  incineration. 
But  he  likewise  succeeded  in  proving  the  existence  of  iron 
in  the  colouring  matter  of  the  blood  by  the  liquid  tests ;  for, 
on  transmitting  a  current  of  chlorine  gas  through  a  solution 
of  the  red  globules,  the  colour  entirely  disappeared,  white 
flocks  were  thrown  down,  and  a  transparent  solution 
in  which  peroxide  of  iron  was  discovered  by  all  the  usual 
agents.  The  results  obtained  by  Dr.  Engelhart  relative  to 
the  quantity  of  the  iron,  correspond  with  those  of  Berzelius. 
These  facts  have  been  since  confirmed  by  Rose,  who  has 
accounted  in  a  satisfactory  manner  for  the  failure  of  former 
chemists  in  detecting  iron  in  the  blood  while  in  a  fluid  state. 
He  finds  that  oxide  of  iron  cannot  be  precipitated  by  the 
alkalies,  hydrosulphuret  of  ammonia,  or  infusion  of  galls,  if 
it  is  dissolved  in  a  solution  which  contains  albumen  or  other 
soluble  organic  principles. 

From  the  presence  of  iron  in  hematosine,  and  its  total  ab- 
sence in  the  other  principles  of  the  blood,  chemists  were  in- 


ON   THE   BLOOD.  895 

duced  to  su^iect  that  its  peculiar  cdour  wu  in  some  way  <»■ 
otber  produced  by  that  metal,  aa  idea  which  received  addi- 
tional support  from  the  known  tendency  of  the  peroxide  <^ 
iron  to  form  salts  of  a  red  colour.  But  this  view,  though 
plausible  on  these  grounds,  is  in  other  respects  improbable. 
The  real  state  in  which  iron  exists  in  the  blood  is  quite 
unknown,  and  its  minute  proportion  seems  unequal  to  pr<^ 
duce  so  iatense  a  colour  as  that  of  the  blood.  The  only  pro- 
bable mode  of  explaining  the  diversity  of  tints  which  agents 
of  different  kinds  produce  in  the  blood,  is  to  adopt  the  o|a- 
nion  ably  maintained  by  Mr.  Brande,  who  supposes  that  the 
tiut  of  hematosine  is  owing  to  a  peculiar  animal  colouring 
principle,  capable  like  cochineal  or  madder  of  acting  as  a  dy^ 
and  of  combining  with  metallic  oxides.  He  succeeded  in  ob- 
tuning  a  ctHDpound  with  hematosine  and  oxide  of  tin ;  but  it 
yields  the  finest  lakes  with  nitrate  of  mercury  and  corrosire 
sublimate.  Woollen  cloths  impregnated  with  either  of  these 
compounds,  and  immersed  in  an  aqueous  solution  of  hemato- 
sine, acquired  a  permanent  red  dye,  unchangeable  by  wash- 
ing with  soap.     (PbU.  Trans.  1812.) 

Fibrin  of  the  Blood. — Fibrin  appears  to  exist  in  the  blood 
in  two  states,  as  already  mentioned  ; — as  the  central  nuclei  of 
the  red  globules,  and  in  solution  in  the  serum.  The  fibrin 
from  both  sources  is  obtained  by  beating  up  the  clot  of  blood 
with  successive  portions  of  water,  so  as  to  dissolve  all  the 
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firmly  in  five  minutes  at  60°  will  remain  quite  fluid  for 
twenty  minutes  at  the  temperature  of  40^,  and  requires  up- 
wards of  an  hour  for  complete  coagulation.  {Scudamore  on 
the  Blood.) 

The  process  of  coagulation  is  influenced  by  exposure  to 
the  air.  If  atmospheric  air  be  excluded,  as  by  filling  a  bot- 
tle completely  with  recently  drawn  blood,  and  closing  the 
orifice  with  a  good  stopper,  coagulation  is  retarded.  It  is 
singular,  however,  that  if  blood  be  confined  within  the  ex- 
hausted receiver  of  an  air-pump,  the  coagulation  is  accde- 
rated.     (Scudamore.) 

Recently  drawn  blood,  owing  doubtless  to  its  temperature, 
is  known  to  give  off  a  portion  of  aqueous  vapour,  which  has 
a  peculiar  odour,  indicative  of  the  presence  of  some  peculiar 
principle,  but  in  which  nothing  but  water  can  be  detected. 
Physiologists  are  not  agreed  upon  the  question  whether  the 
act  of  coagulation  is  or  is  not  accompanied  with  disengage- 
ment of  gaseous  matter.  In  the  experiments  of  Vogel, 
Brande,  and  Scudamore,  blood  coagulating  in  the  vacuum  of 
an  air-pump  was  found  to  emit  carbonic  acid,  and  Scudamore 
even  inferred  that  the  evolution  of  this  gas  constitutes  an 
essential  part  of  the  process.  Other  experimentalists,  how- 
ever, have  obtained  a  different  result.  Dr.  John  Davy  and 
the  late  Dr.  Duncan,  jun.,  failed  in  their  attempts  to  pro- 
cure carbonic  add  from  blood  during  coagulation ;  and  Dr. 
Christison,  in  an  experiment  which  I  witnessed,  was  not  more 
successful.  This  evidence  seems  podtive  against  the  notion 
that  the  evolution  of  carbonic  add  gas  is  an  essential  part  of 
coagulation.  The  existence  of  carbonic  acid  in  venous  blood, 
is  a  different  question,  and  this  point  will  be  discussed  under 
the  head  of  respiration. 

Coagulation  is  influenced  by  the  rapidity  with  which  the 
blood  is  removed  from  the  body.  Sir  C  Scudamore  observed, 
that  blood  dowly  drawn  from  a  vdn  coagulates  more  rapidly 
than  when  taken  in  a  full  stream. 

^Experiments  are  still  wanting  to  show  the  influence  of  dif- 
ferent gases  on  coagulation.  Oxygen  gas  accelerates  coagu- 
lation, and  carbonic  add  retards,  but  cannot  prevent  it. 

Caloric  is  evolved  during  the  coagulation  of  the  blood. 
The  late  Dr.  Gk>rdon  estimated  the  rise  of  the  thermometer 
at  six  degrees ;  and  Dr.  Davy,  on  the  other  hand,  r^ards  the 
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increase  of  temperature  from  this  cause  as  very  slight.  Sir  C. 
Scudamore  finds  that  the  rate  at  which  blood  cools  is  distiactly 
slower  than  it  would  be  were  no  caloric  disengaged,  and  he 
observed  the  thermometer  to  rise  one  degree  at  the  commence- 
ment of  coagulation. 

Some  substances  prevent  the  coagulation  of  the  blood. 
Thiseflect  is  produced  by  a  saturated  solution  of  muriate  !of 
soda,  muriate  of  ammonia,  nitre,  and  a  solution  of  potash. 
The  coagulation,  on  the  contrary,  is  promoted  by  alum  and 
the  sulphates  of  zinc  and  copper.  The  blood  of  persons  who 
have  died  a  sudden  violent  death,  by  some  kinds  of  poison^ 
or  from  mental  emotion,  is  usually  found  in  a  fluid  state. 
Lightning  is  said  to  have  a  similar  effect ;  but  Sir  G.  Scuda- 
more declares  this  to  be  an  error.  Blood,  through  which 
dectric  discharges  were  transmitted,  coagulated  as  quickly  aa 
that  which  was  not  electrified ;  and  in  animals  killed  by  the 
discharge  of  a  powerful  galvanic  battery,  the  blood  in  the 
veins  was  always  found  in  a  solid  state. 

The  cause  of  the  coagulation  of  the  blood  has  been  the 
subject  of  much  speculation  to  physiologists.  The  tendency  of 
this  fluid  to  preserve  the  liquid  form  while  contained  in  a 
living  animal,  cannot  be  ascribed  to  the  motion  to  which  it  is 
continually  subject  within  the  vessels.  It  is  a  familiar  fact 
that  blood,  though  continually  stirred  out  of  the  body,  is  not 
prevented  from  coagulating;  and  it  has  been  noticed,  that 
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life,  that  the  influence  of  physical  agents,  where  really  operar 
tive,  is  sometimes  overlooked.  The  constitution  of  the  blood 
in  disease  has  been  almost  entirely  disregarded.  Yet  it  is 
difficult  to  imagine  any  material  diseases  of  the  solids,  with- 
out the  blood  being  thereby  more  or  less  affected ;  nor  can  the 
constitution  of  the  blood  be  changed,  though  secondarily, 
without  causing  a  reflected  influence  back  upon  the  solids. 
This  truth  is  now  manifestly  gaining  ground  among  medical 
practitioners;  and  it  was  with  peculiar  propriety  that  Dr. 
Prout  made  the  application  of  chemistry  to  physiology^  patho* 
logyj  and  practice,  the  subject  of  his  lectures  delivered  at  the 
Royal  College  of  Physicians.  (Medical  Gazette,  viii.)  I  also 
hope  that  pathological  chemistry  will  receive  an  impulse  from 
the  late  work  of  Dr.  Stevens  on  the  blood : — ^be  his  theoreti- 
cal views  right  or  wrong,  he  has  adduced  novel  statements, 
some  of  which  are  certainly  true,  and  most  of  which,  from 
their  importance  if  true,  ought  to  be  known  and  sifted. 

The  blood  may  be  diseased  either  by  the  excess  or  defici- 
ency of  one  or  more  of  its  proper  constituents,  or  from  the 
presence  of  substances  which  are  foreign  to  it.     One  familiar 
instance  of  diseased  blood  is  jaundice,  when  bile  enters  the 
circulation  and  is  distributed  to  every  organized  part  of  the 
body.     Though  the  presence  of  bile  in  the  blood  during  jaun- 
dice has  been  detected,  yet  its  passage  into  the  circulating 
mass  appears  so  rapidly  succeeded  by  its  exit,  that  its  detec- 
tion in  the  blood  itself  is  generally  diflicult.     Urea  has  also 
been  detected,  sometimes  in  very  large  quantity :  it  appears 
to  be  constantly  present  in  the  blood,  whenever  the  secretion 
of  urine  is  suppressed.     Prevost  and  Dumas  wholly  arrested 
the  secretion  of  urine  in  a  dog  by  tying  the  renal  vessels  and 
excising  the  kidneys,  and  two  days  after  the  operation  tbey 
obtained  20  grains  of  urea  from  6  ounces  of  his  blood.    (An. 
de  Ch.  et  Ph.  xxxiii.  90.)     Dr.  Christison  found  urea  in  the 
blood  of  persons  suffering  under  renal  disease,  as  will  be 
mentioned  in  the  section  on  the  urine;  and  Dr.  Prout  appears 
also  to  have  made  a  similar  observation.     Urea  has  been  de- 
tected by  Dr.  O^Shaughnessy  in  the  blood  of  persons  labour- 
ing under  cholera,  in  which  disease  the  action  of  the  kidneys  is 
generally  very  much  disturbed. 

The  serum  of  blood,  instead  of  being  transparent  as  it  com- 
monly is,  has  sometimes  a  cloudy  appearance  like  whey,  and 
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in  some  more  rare  JDBtances  is  perfectly  opaque  and  white,  as 
if  it  had  been  mixed  with  milk.  The  cause  of  the  opacity 
ha«  been  experimentally  examined  by  Drs.  Traill  and  Christi- 
Bon,  who  have  traced  it  to  the  presence  of  olea^nous  nistter, 
which  the  latter  has  shown  to  contain  both  stearine  and  eluine, 
and  to  be  very  similar  to  human  fat.  The  milkiness  may 
therefore  be  ascribed  to  fat  being  mechanically  diffused 
through  the  serum  like  oil  in  an  emulsion.  It  may  be  easily 
separated  by  agitating  the  serum  in  a  tube  with  half  its  bulk 
of  sulphuric  ether,  when  the  adipose  matter  is  instiintly  dis- 
solved, the  opacity  in  consequence  disappears,  and  on  evapo- 
rating the  clear  ethereal  solution,  which  rises  to  the  surface 
of  the  mixture,  the  fat  is  obtained  in  a  separate  state.  By 
this  means  he  procured  on  one  occasion  five  per  cent  of  fat 
from  milky  serum,  and  one  per  cent  from  serum  which  had 
the  aspect  of  whey.  (£]dinb.  Med.  and  Surg.  Journal,  April 
1830.) 

The  most  remarkable  kind  of  diseased  blood  which  has  yet 
been  studied  by  chemists  is  that  which  occurs  in  cholera. 
During  the  progress  of  that  disease  an  enormous  discharge 
takes  place  of  a  whitish  coloured  fluid  similar  to  a  mixture  of 
boiled  rice  with  water,  an  appearance  occasioned  by  a  white 
flaky  matter  floating  in  a  nearly  colourless  liquid.  The  inso- 
luble part  has  the  character  of  fibrin ;  while  the  liquid  por> 
tion  is  ft  weak  solution  of  albumen,  is  faintly  alkaline,  and 
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blood  and  intestinal  discharges  was,  I  believe.  Dr.  Clanny  of 
Sunderland ;  Dr.  O^Shaughnessy  soon  after  made  similar  ob- 
servations ;  and  my  friends,  Drs.  Craigie  and  Cobb,  enabled 
me  about  the  same  time  to  verify  the  statements  of  these  che- 
mists, by  sending  me  from  Newcastle  a  sample  of  the  blood  and 
alvine  evacuations.  Dr.  O'Shaughnessy  has  since  published 
the  result  of  a  very  elaborate  inquiry  into  the  composition  of 
the  blood  in  cholera ;  and  Dr.  Thomson  has  lately  published 
the  result  of  his  researches  on  the  same  subject.  (Phil.  Mag. 
An.  xi.  347.)  The  deficiency  of  saline  matter,  observed  by 
Drs.  O^Shaughnessy  and  Clanny,  and  which  was  decisive  in  the 
blood  which  I  examined,  is  by  no  means  conspicuous  in  the 
results  of  Dr.  Thomson. 

The  cause  of  the  dark  colour  of  the  blood  in  cholera  is  a 
point  by  no  means  decided.  Dr.  Thomson  states  that  the 
blood  in  cholera  is  not  rendered  florid  by  exposure  to  atmo- 
spheric air,  and  hence  argues  that  the  dark  colour  is  owing  to 
some  diseased  condition  of  the  blood  which  unfits  it  for  bein^ 
duly  arterialized ;  but  this  view  is  opposed  to  the  statement  of 
Dr.  O'Shaughnessy,  who  declares  that  the  dark  blood  in  cholera 
is  susceptible  of  arterialization, — that,  at  least,  on  being  agi- 
tated with  air,  it  is  rendered  florid,  absorbs  oxygen,  and  emits 
carbonic  acid  gas.  Dr.  Stevens,  in  his  treatise  on  the  blood, 
maintains  that  the  black  colour  is  primarily  owing  to  the  con- 
tagion of  cholera,  which  throws  the  circulating  fluids  into  a 
morbid  state ;  and  that  the  efiect  of  the  poison  is  increased  by 
the  diminished  quantity  of  saline  matter,  an  opinion  intimatdy 
connected  with  his  theory  of  arterialization,  which  wULshortly 
be  explained.  He  has  observed  the  blood  of  persons  living 
in  a  cholera  hospital  to  be  pretematurally  dark,  though  they 
were  not  afiected  with  the  disease.  Perhaps  the  most  correct 
opinion  is,  that  the  blood  of  persons  in  cholera,  in  consequence 
of  deranged  arterial  action,  circulates  sluggishly,  and  is  hence 
imperfectly  arterialized :  from  this  cause  the  dark  colour  may 
arise  without  any  diminution  of  saline  matter ;  and  it  may 
disappear,  from  an  improved  circulation,  without  the  admi* 
nistration  of  salt.  But  some  facts  to  be  shortly  stated  leave 
no  doubt  that  loss  of  saline  matter  must  certainly  tend  to  in* 
crease  the  dark  tint  of  the  blood,  and  to  prevent  it  from  ac- 
quiring the  arterial  colour. 

Though  the  deficiency  of  aqueous  and  saline  matter  ob- 
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served  in  tbe  blood  during  confirmed  cholera  caniiDt  be  re> 
guded  in  any  other  light  than  as  an  effect  oi  the  disease,  it 
may  reasonably  be  inferred  that  a  change  even  of  that  kind 
cannot  advance  far  without  reacting  prejudicially,  if  not 
fatally,  on  the  system.  It  has  hence  been  made  the  basis  of 
curative  measures ;  and  the  success  of  such  modes  of  treat- 
ment, as  well  as  their  mode  of  action,  is  now  under  discussion 
by  medical  practitioners. 

The  substance  known  under  the  name  of  black  vomit,  eject- 
ed by  the  stomach  during  the  last  stage  of  yellow  fever,  ap- 
pears from  tbe  observations  of  Br.  Stevens  to  be  blood  black- 
ened and  partially  coagulated  by  a  free  acid.  The  acidity  is 
suspected  by  Dr.  Prout  to  arise  from  the  secretion  of  acetic 
add,  and  tbe  presence  of  muriatic  acid  is  also  probable. 

RESPIRATION. 
When  venous  blood  is  brought  into  contact  with  atmo- 
spheric air,  its  surface  passes  from  a  dark-purple  to  a  florid- 
red  colour,  oxygen  disappears,  and  carbonic  acid  gas  is 
emitted.  The  change  takes  place  more  speedily  when  air  is 
agitated  with  blood ;  it  is  still  more  rapid  when  pure  oxygen 
is  substituted  for  atmospheric  air  ;  and  it  does  not  occur  at 
all  when  oxygen  is  entirely  excluded.  These  facts,  which 
were  long  considered  indispuuble,  have  been  questioned  by 
Dr.  Davy ;  but  they  are  nevertheless  perfectly  true,  and  have 
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The  conversion  of  the  dark  purple  colour  of  venous  blood 
into  the  florid  tint  of  that  contained  in  the  arteries,  is  fami- 
liarly expressed  by  the  term  arterialization ;  or,  more  strictly, 
this  name  is  applied  to  a  change  in  the  constitution  of  the 
blood,  which  is  accompanied  and  indicated  by  change  of 
colour,  evolution  of  carbonic  acid,  and  abstraction  of  oxygen. 
The  explanation  commonly  given  of  this  phenomenon  is  of 
two  kinds.  Some  suppose  that  the  blood,  in  circulating 
through  the  body,  becomes  loaded  with  carbon  in  some  un- 
known mode  of  combination,  which  causes  the  venous  charac- 
ter ;  and  that  when  such  blood  is  exposed  to  the  air,  its  re. 
dundant  carbon  unites  directly  with  oxygen,  carbonic  add  is 
generated  and  evolved,  and  the  arterial  character  restored. 
By  others,  venous  blood  is  thought  to  owe  its  colour  to  the 
presence  of  carbonic  acid  ready  formed  within  it :  on  expo- 
sure to  the  air,  oxygen  gas  acts  chemically  on  the  colouring 
matter,  is  absorbed  into  the  blood,  and  displaces  the  carbonic 
acid.  The  coincidence  between  the  quantity  of  evolved  car- 
bonic acid  and  absorbed  oxygen  is  adduced  in  support  of  the 
former  theory.  In  favour  of  the  latter  it  is  said  that  carbonic 
acid  has  been  obtained  from  venous  blood  confined  in  a  va^- 
cuum ;  (page  896)  and  Dr.  O^Shaughnessy  declares  that  be 
succeeded  in  this  experiment,  even  with  blood  which  was  drawn 
without  exposure  to  the  atmosphere.  Should  this  observa- 
tion be  free  from  fallacy,  it  is  decisive  of  the  presence  of  car- 
bonic acid  in  venous  blood ;  but  it  requires  confirmation. 

A  new  theory  of  arterialization  has  been  lately  advanced  by 
Dr.  Stevens  in  his  valuable  treatise  on  the  blood.  According 
to  that  physician  the  colouring  matter  of  the  blood  is  na- 
turally very  dark,  it  is  rendered  still  darker  by  acids,  and  it 
acquires  a  florid  red  tint  from  sea-salt  and  gen^^y  from  the 
neutral  salts  of  the  alkalies.  The  colour  of  arterial  blood  is 
ascribed  by  him  to  hematosine  reddened  by  the  salts  of  the 
serum,  the  venous  character  to  the  presumed  presence  of  car- 
bonic acid  which  like  other  acids  darkens  hematosine,  and  the 
conversion  of  venous  into  arterial  blood  to  the  influence  of  the 
saline  matter  of  the  serum  being  restored  by  the  separation  of 
carbonic  acid.  The  removal  of  this  gas  is  ascribed  to  oxy- 
gen, which  is  said  to  draw  out  the  carbonic  acid  by  virtue 
of  a  **  latent  power  of  attractionJ**  Laying  out  of  view  the 
supposed  latent  attraction,  as  an  unnecessary,  not   to  say 
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unphilowphical,  mppositioo,  the  views  of  Dr.  Stevens  are 
founded  on  facts  which  are  novel  and  important.  Take  a  firm 
clot  of  venous  blood,  cut  off  a  thin  slice,  and  aoak  it  for  an  bout 
or  two  in  repeatedly  renewed  portions  of  distilled  water :  in 
proportion  as  the  serum  is  thus  washed  away,  the  colour  of  the 
clot  deepens,  and  when  scarcely  any  serum  remains,  the  co- 
lour by  reflected  light  is  quite  black.  In  this  state  it  may  be 
exposed  to  the  atmosphere,  or  a  current  of  air  may  be  blown 
upon  it,  without  any  change  of  tint  whatever ;  whence  it  fol- 
lows that  when  a  clot  of  venous  blood  moistened  with  serum 
is  made  florid  by  the  air,  the  presence  of  the  serum  is 
essential  to  the  phenomenon.  The  serum  is  bdieved  by 
Dr.  Stevens  to  contribute  to  this  change  by  means  of  its 
saline  matter ;  for  when  a  dark  clot  of  blood,  which  oxygen 
is  unable  to  redden,  is  immersed  in  a  pure  solution  of  salt,  it 
quickly  acquires  the  crimson  tint  of  arterial  blood,  and  loses 
it  again  when  the  salt  is  abstracted  by  soaking  in  distilled 
water.  The  alternating  tint  of  venous  and  arterial  blood  may 
thus  be  imitated  by  a  solution  of  salt. 

Such  are  the  principal  facts  noticed  by  Dr.  Stevens. 
Some  observers. seem  inchned  to  dispute  them;  but  they 
are  admitted  by  Mr.  Prater  in  a  late  treatise  on  the  blood 
which  has  just  fidlen  into  my  hands,  and  in  a  careful  r^ 
petition  of  the  experiments  I  obtained  similar  results.  Id 
order,  however,  more  fully  to  elucidate  this  point,  the  fol- 
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fectly  venous :  the  colour  of  the  latter,  in  fact,  was  quite  dark. 
On  restoring  one  of  the  slices  to  the  serum  of  the  same  blood, 
it  shortly  recovered  its  florid  colour ;  and  another  slice,  placed 
in  a  solution  of  bicarbonate  of  soda,  instantly  acquired  a  simi- 
lar tint.  In  thus  brightening  a  dark  dot  by  a  solution  of 
salt  or  a  bicarbonate,  the  colour  is  often  still  more  florid  than 
that  of  arterial  blood ;  but  the  colours  are  exactly  alike  when 
the  salt  is  duly  diluted. 

I  am  at  a  loss  to  draw  any  other  inference  from  the  fore- 
going experiment  than  the  following ; — that  the  florid  colour 
of  arterial  blood  is  not  due  to  oxygen,  but,  as  Dr.  Stevens 
afiirms,  to  the  saline  matter  of  the  serum.  The  arterial 
blood  which  was  used,  had  been  duly  oxygenized^  as  it  is 
called,  within  the  body  of  the  animal,  and  should  not  in 
that  state  have  lost  its  tint  by  mere  removal  of  its  serum. 
The  change  from  venous  to  arterial  blood  appears,  contrary 
to  the  received  doctrine,  to  consist  of  two  parts  essentially 
distinct :  one  is  a  chemical  change,  essential  to  life,  accom- 
panied by  the  absorption  of  oxygen  and  evolution  of  car- 
bonic acid ;  and  the  other  depends  on  the  saline  matter  of 
the  blood,  which  gives  a  florid  tint  to  the  colouring  matter 
after  it  has  been  modified  by  the  action  of  oxygen.  Such  ap- 
pears to  be  a  fair  inference  from  the  facts  above  stated  ;  but 
being  drawn  from  very  limited  observations,  it  is  offered  with 
diflidence,  and  requires  to  be  confirmed  or  modified  by  future 
researches. 

The  same  changes  that  occur  in  blood  out  of  the  body  are  con« 
tinually  taking  place  within  it.  During  respiration,  venous 
blood  is  exposed  in  the  lungs  to  the  agency  of  the  air  and  is 
arterialized,  oxygen  gas  disappears,  and  carbonic  acid  is  evolv- 
ed  ;  and  it  is  remarkable  that  these  phenomena  ensue  not  only 
during  life,  but  even  after  death,  provided  the  respiratory 
process  be  preserved  artificially.  Since,  therefore,  all  the 
characteristic  phenomena  of  arterialization  are  the  same  in 
a  living  and  in  a  -dead  animal,  and  whether  the  blood  is  or  is 
not  contained  in  the  body,  it  seems  legitimate  to  infer,  that 
this  process  is  not  necessarily  dependent  on  the  vital  princi- 
ple, but  is  solely  determined  by  the  laws  of  chemical  action. 

In  studying  the  subject  of  respiration,  the  first  object  is  to 
determine  the  precise  change  produced  in  the  constitution  of 
the  air  which  is  inhaled.  Dr.  Black  was  the  first  to  notice  that 
the  air  exhaled  from  the  lungs  contains  a  considerable  quan- 
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tity  of  carbonic  acid,  which  may  be  detected  by  transmissioD 
through  Kme  water.  Priestley,  some  years  after,  observed  that 
air  is  rendered  unfit  for  supporting  flame  or  animal  life  by  the 
process  of  respiration,  from  which  it  was  probable  that  oxy- 
gen is  consumed ;  and  Lavoisier  subsequently  established  the 
fact,  that  during  respiration  oxygen  gas  disappears,  and  car^ 
bonic  acid  is  disengaged.  The  chief  experimentalists  who 
have  since  cultivated  this  department  of  chemical  phyaology 
are,  Priestley,  Scheele,  Lavoisier,  Seguin,  Crawford,  Goodwin, 
Davy,  Ellis,  Allen  and  Pepys,  Edwards,  and  Desprelz.  Of 
these  the  results  obtained  by  Messrs.  Allen  and  Pepys,  (PhiL 
Tran.  1808,)  and  Dr.  Edwards,*  are  the  most  conclusive  and 
satisfactory,  their  researches  having  beat  conducted  with  great 
care,  and  aided  by  all  the  resources  of  modern  chemistry. 

One  of  the  chief  objects  of  Allen  and  Pepys,  in  their  expe- 
riments, was  to  ascertain  if  any  uniform  relation  exists  be- 
tween the  oxygen  consumed  and  the  carbonic  add  evolved. 
They  found  in  general  that  the  quantity  of  the  former  exceeds 
that  of  the  latter;  but  as  the  difference  was  very  trifling, 
they  inferred  that  the  carbonic  acid  of  the  expired  air  ia  ex- 
actly equal  to  the  oxygen  which  disappears.  The  experi- 
ments of  Dr.  Edwards  were  attended  with  a  remarkable  re- 
sult, which  accounts  very  happily  for  some  of  the  discordant 
statements  of  preceding  inquiries.  He  found  the  ratio  between 
the  gases  to  vary  with  the  animal.     In  some  animals  it  might 
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as  sometimes  to  exceed  the  weight  of  carbon  contained  in  the 
food.  The  same  observers  have  lately  found  the  production 
of  carbonic  acid  in  a  pigeon,  breathing  freely  in  atmospheric 
air,  to  be  such  that,  supposing  the  same  rate  to  continue,  the 
bird  must  have  thrown  off  96  grains  of  carbon  in  the  space  of 
24  hours.  From  the  observations  of  Dr.  Prout,  it  appears 
that  the  quantity  of  carbonic  acid  emitted  from  the  lungs  is 
variable  at  particular  periods  of  the  day,  and  in  particular 
states  of  the  system.  It  is  more  abundant  during  the  day 
than  the  night ;  about  daybreak  it  begins  to  increase,  con- 
tinues to  do  so  till  about  noon,  and  then  decreases  until  sun- 
set.  During  the  night  it  seems  to  remain  uniformly  at  a 
minimum ;  and  the  maximum  quantity  given  off  at  noon 
exceeds  the  minimum  by  about  one-fifth  of  the  whole.  The 
quantity  of  carbonic  acid  is  diminished  by  any  debilitating 
causes,  such  as  low  diet,  depressing  passions,  and  the  like. 
(An.  of  Phil.  xiii.  269.)  The  experiments  of  Dr.  Fyfe, 
published  in  his  Inaugural  Dissertation,  are  confirmatory  of 
those  above  mentioned. 

Messrs.  Allen  and  Pepys  observed  that  atmospheric  air^ 
when  drawn  into  the  lungs,  returns  charged  in  the  succeed- 
ing expiration  with  from  8  to  6  per  cent  of  carbonic  acid  gas ; 
but  this  estimate  is  probably  too  high,  since  in  some  recent 
observations  of  Dr.  Apjohn  of  Dublin,  air,  once  respired, 
contained  only  3*6  per  cent  of  carbonic  acid.  When  an 
animal  is  confined  in  the  same  quantity  of  air,  death  ensues 
before  all  the  oxygen  is  consumed :  when  the  same  portion  of 
air  is  repeatedly  respired  until  it  can  no  longer  support  life, 
it  then  contains  10  per  cent  of  carbonic  acid  according  to 
Allen  and  Pepys,  and  barely  8  per  cent  according  to  Dr. 
Apjohn.     (Edin.  Med.  and  Surg.  Journal,  Jan.  1831.) 

Although  in  respiration  the  arterialization  of  the  blood  by 
means  of  free  oxygen  is  the  essential  change,  without  the  due 
performance  of  which  the  life  of  warm-blooded  animals  cannot 
be  preserved  beyond  a  few  minutes,  and  which  is  likewise 
necessary  to  the  lowest  of  the  insect  tribe,  it  is  important  to 
determine  whether  the  nitrogen  of  the  atmosphere  has  any  in-, 
fluence  in  the  function.  The  results  of  different  inquirers 
differ  considerably.  In  the  experiments  of  Priestley,  Davy, 
Humboldt,  Henderson,  and  Pfaff,  there  appeared  to  be  ab- 
sorption of  nitrogen,  a  less  quantity  of  that  gas  being  exhaled 
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thoD  WM  inspireil.  Nysten,  Berthollet,  and  Despretz,  on  the 
contrary,  remarked  an  increase  id  the  bulk  of  the  nitrogen ; 
and  from  the  researches  of  Seguin  and  Lavoisier,  Vauquelin, 
Ellis,  DaltoD,  and  Spallanzani,  it  was  inferred  that  there  is 
neither  absorption  nor  exhalation  of  nitrogen,  the  quantity 
of  that  gas  undergoing  no  change  during  its  passage  through 
the  air-cells  of  the  lungs.  Allen  and  Pepys  arrived  at  a 
similar  conclusion ;  and  since  the  appearance  of  their  Essay, 
the  opinion  has  prevailed  very  generally  among  physiolc^sts, 
that  in  respiration  the  nitrogen  of  the  air  is  altogether  pasnve. 
The  facts  ascertained  by  Edwards  relative  to  this  subject 
are  novel  and  of  peculiar  interest.  This  acute  physiolt^st 
has  reconciled  the  discordant  results  of  preceding  experiment- 
ers by  showing  that,  during  the  respiration  even  of  the  same 
animal,  the  quantity  of  nitrogen  may  one  while  be  increased, 
at  another  time  diminished,  and  at  a  third  wholly  unchanged. 
He  has  traced  these  phenomena  to  the  influence  of  the  Beft> 
sons ;  and  he  suspects,  as  indeed  is  most  probable,  that  other 
causes,  independently  of  season,  have  a  share  in  their  produ^ 
tion.  In  neariy  all  the  lower  animals  which  were  made  the 
subjects  of  experiment,  an  augmentation  of  nitrogen  was  ol^ 
servatde  during  summer.  Sometimes,  indeed,  it  was  so  slight 
that  it  might  be  disr^arded.  But  in  many  other  instances 
it  was  so  great  as  to  place  the  fact  beyond  the  possibility  of 
doubt;  and  on  some  occasions  it  almost  equalled  the  whole 
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is  unchanged.  The  latter  opinion,  which  is  adopted  by  Ed- 
wards, is  supported  by  two  decisive  experiments  performed 
by  Allen  and  Pepys,  in  one  of  which  a  guinea-pig  was  con- 
fined in  a  vessel  of  oxygen  gas,  and  in  the  other  in  an  atmo- 
sphere composed  of  21  measures  of  oxygen  and  79  of  hydro- 
gen. In  both  cases  the  residual  air  contained  a  quantity  of 
nitrogen  greater  than  the  bulk  of  the  animal  itself;  and  in 
the  latter  a  portion  of  hydrogen  had  disappeared.  Hence  it 
follows  that  nitrogen  may  be  exhaled  from  the  lungs,  and  that 
hydrogen  may  be  absorbed. 

An  account  of  some  interesting  researches  on  the  respira- 
tion of  birds,  bearing  directly  on  this  subject,  was  published 
in  1829  by  Allen  and  Pepys.  (Phil.  Trans.)  The  subject 
of  inquiry  was  the  pigeon,  and  the  phenomena  attending  its 
respiration  were  observed  under  three  different  circumstances, 
namely,  in  atmospheric  air,  in  oxygen  gas,  and  in  a  mixture 
of  oxygen  and  hydrogen,  in  which  the  former  amounted,  as 
in  the  atmosphere,  to  20  per  cent.  In  each  case  the  bulk  of 
the  gaseous  mixture  remained  without  change.  In  the  expe- 
riments with  atmospheric  air,  the  oxygen  which  disappeared 
was  equal  to  the  carbonic  acid  evolved ;  the  nitrogen  was 
unaffected,  except  on  one  occasion  when  the  bird  appeared 
uneasy,  and  then  there  was  a  slight  loss  of  nitrogen.  In  oxy- 
gen gas  the  production  of  carbonic  acid  was  about  half  the 
quantity  emitted  when  the  pigeon  breathed  common  air;  and 
the  decrease  in  oxygen  was  exactly  equal  to  the  um'ted  vo- 
lumes of  the  carbonic  acid  and  nitrogen  which  were  disen- 
gaged. When  the  pigeon  was  placed  in  mixed  oxygen  and 
hydrogen  gases,  the  production  of  carbonic  acid  was  rather 
more  abundant  than  in  atmospheric  air,  and  its  volume  equal- 
led exactly  the  loss  in  oxygen  ;  nitrogen,  as  before,  was  given 
out  with  considerable  freedom,  and  its  bulk  precisely  corre- 
sponded to  the  decrease  in  hydrogen.  In  the  two  latter  series 
of  experiments,  especially  in  the  last,  the  respiration  of  the 
pigeon  was  at  times  laborious.  The  experiments,  however, 
are  decisive  of  the  fact,  that  carbonic  acid  and  nitrogen  gases 
may  be  thrown  off  from  the  lungs,  and  that  oxygen  and  hy- 
drogen gases  may  be  absorbed. 

Two  theories  similar  to  those  of  arterialization,  (page  901) 
have  been  proposed  to  explain  the  phenomena  of  respiration. 
According  to  one  theory,  the  carbonic  acid  found  in  the 
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pired  air  is  actualty  generated  in  the  lungs  themselres ;  while, 
according  to  the  other,  this  gas  is  thought  to  exist  ready 
formed  in  the  blood,  and  to  be  merely  thrown  off  from  that 
liquid  during  its  distribution  through  the  lungs.  The  for- 
mer theory,  which  appears  to  have  originated  with  Priestley* 
has  recdved  several  modifications.  Priestley  imagined  that 
the  phenomena  of  respiration  are  owing  to  the  disengagement 
of  pbli^ston  from  the  blood,  and  its  combination  with  the 
air.  Dr.  Crawford  modified  this  doctrine  in  the  following 
manner.  (Crawford  on  Animal  Heat.)  He  was  of  opinion 
that  venous  blood  contains  a  peculiar  compound  of  carbon 
and  hydrogen,  termed  hydro- carbon,  the  elements  of  which 
unite  in  the  lungs  with  the  oxygen  of  the  air,  forming  water 
with  the  one,  and  carbonic  acid  with  the  other ;  and  that  the 
blood,  thus  purified,  regains  its  florid  hue,  and  becomes  fit 
for  the  purposes  of  the  animal  economy. 

The  hypothesis  of  Crawford,  however,  is  not  merely  liable 
to  the  objection  that  the  supposed  hydro-carbon,  as  respects 
the  blood,  is  quite  imaginary ;  but  it  was  found  at  variance 
with  the  leading  facts  established  by  Allen  and  Pepys.  By 
the  elaborate  researches  of  these  chemists  it  was  established, 
that  carbonic  acid  gas  contains  its  own  volume  of  oxygen ; 
and  they  also  concluded  that  air,  inhaled  into  the  lungs,  re- 
turns charged  with  a  quantity  of  carbonic  acid,  almost  ex- 
actly equal  in  bulk  to  the  oxygen  which  disappears — an  infer- 
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in  which  it  is  confined.  This  difficulty,  as  will  immediatelj 
appear,  no  longer  exists ;  and  the  free  permeability  of  mem- 
branes by  gases  is  now  completely  established. 

According  to  the  second  theory,  which  was  supported  by 
Le  Orange  and  Hassenfratz,  and  has  lately  been  adopted  by 
Edwards,  carbonic  add  generated  during  the  course  of  the 
circulation  is  given  off  from  venous  blood  in  the  lungs,  and 
oxygen  gas  is  absorbed.  This  doctrine,  though  generally  re- 
garded hitherto  as  less  probable  than  the  preceding,  is  sup- 
ported by  very  powerful  arguments.  The  experiments  and 
observations  of  Dr.  Edwards  seem  to  leave  no  doubt  that  the 
blood,  while  circulating  through  the  lungs,  is  capable  of  ab- 
sorbing hydrogen,  nitrogen,  and  oxygen  gases,  and  of  emit- 
ting nitrogen  ;  and  he  has  gone  very  far  towards  proving  chat 
the  carbonic  acid  is  derived  from  the  same  source.  On  con- 
fining frogs  and  snails  for  some  time  in  an  atmosphere  of 
hydrogen,  the  residual  air  was  found  to  contain  a  quantity  of 
carbonic  acid,  which  was  in  some  instances  even  greater  than 
the  bulk  of  the  animal ;  and  a  similar  result  was  obtained 
with  young  kittens. 

These  facts,  in  proving  the  possibility  of  gaseous  inhalation 
and  exhalation,  as  well  as  the  evolution  of  carbonic  add  inde- 
pendently of  atmospheric  air,  entitle  the  theory  of  Eklwards 
to  a  preference ;  and  they  will  go  far,  when  attested  by  more 
extensive  observation,  espedally  should  the  constant  presence 
of  carbonic  acid  in  venous  blood  be  established,  to  the  rejec- 
tion of  the  former  theory. 

The  difficulty  which  formerly  stood  in  the  way  of  both 
theories  of  respiration,  arising  from  the  supposed  impermeabi- 
lity of  animal  membranes  by  gases,  has  been  entirely  removed 
by  the  researches  of  Drs.  Faust  and  Mitchell.  (American 
Journal  of  the  Medical  Sciences,  No.  13«)  It  fuUy  appears 
from  their  experiments,  and  of  the  accuracy  of  thdr  prindpal 
results  I  am  satisfied  from  personal  observation,  that  animal 
membranes  both  in  the  living  and  dead  subject,  both  in  and 
out  of  the  body,  are  freely  penetrable  by  gaseous  matter ; — 
that  the  phenomena  of  endosmose  and  exosmose,  observed  in 
liquids  by  Dutrochet,  are  likewise  exhibited  by  gaaes.  If  a 
glass  full  of  carbonic  acid  be  closed  by  an  animal  membrane, 
such  as  the  coecum  of  a  fowl,  or  the  bladder  of  a  sheep,  and  be 
then  exposed  to  the  atmosphere,  a  portion  of  air  will  pesa 
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into  the  gUss  and  aome  of  the  confined  gas  escape  from  it ;  and 
if  the  experiment  be  reversed  b;  confining  air  in  the  glass, 
which  is  then  placed  in  an  atmosphere  of  carbonic  acid,  the 
latter  passes  in  and  the  former  out  uf  the  glass.  Similar  phe< 
nomena  ensue  with  other  gases ;  so  that  when  any  two  gases 
are  separated  by  a  membrane,  both  of  them  pass  through  the 
partition.  The  permeability  of  a  membrane  is  greater  in  a 
living  than  to  a  dead  animal ;  but  the  property  is  by  no 
means  peculiar  to  organized  matter,  since  a  thin  lamina  of 
any  substance  of  organic  origin,  such  as  a  sheet  of  caoutchouc, 
is  freely  permeable.  Water  and  other  liquids  transmit  gases 
apparently  on  the  same  principle  as  membranes ;  and  porous 
solid  bodies  of  the  mineral  kingdom  will  doubtless  be  found 
to  possess  a  similar  property. 

But  though  all  gases  pass  through  membranous  septa,  they 
differ  remarkably  in  the  relative  rapidity  of  transmissioD. 
Thus  Dr.  Mitchell  found  that  the  time  required  for  the  pas- 
sage of  equal  volumes  of  different  gases  through  the  same 
membrane,  was  1  minute  with  ammonia,  2j  minutes  with 
sulphuretted  hydrogen,  3^  with  cyanogen,  5^  with  carbonic 
acid,  6i  with  protoxide  of  nitrogen,  37^  with  arseniuretted 
hydn^^,  28  with  olefiant  gas,  37^  with  hydrogen,  113  with 
oxygen,  160  with  carbonic  oxide,  and  a  much  greater  time 
with  nitrogen.  Hence,  when  a  bladder  full  of  air  is  sur- 
rounded with  carbonic  acid,  the  latter  enters  faster  than  the 
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by  charcoal,  and  seems  to  depend  on  the  attraction  which  all 
bodies  similar  or  dissimilar  exert  upon  each  other,  such  as  is 
exemplified  by  the  tendency  of  contiguous  floating  bodies  Co 
approach  one  another,  by  the  adhesion  of  water  to  the  surface 
of  glass,  and  the  ascent  of  liquids  in  capillary  tubes.    The 
absorbent  power  of  such  bodies,  which  may  thus  be  regarded 
as  aggregates  of  capillary  tubes,  will  vary  with  the  size  and 
number  of  the  pores.     The  entrance  of  a  gas  into  such  pores 
will  be  promoted  by  its  elasticity  ;  but  the  same  force  will 
oppose  its  retention  within  the  pores,  will  resist  its  return 
into  the  mass  of  the  same  particles,  and  urge  it  to  escape 
where  there  is  no  such  resistance.     Hence,  when  two  gases 
are  separated   by  a  membrane,   each   passes  through,  and 
mixes  with   the  other:  the  penetration  of  each  is  arrested 
as  soon  as  its  individual  elasticity  is  the  same  on  both  sides 
of  the  partition,  and  therefore  that  gas  whicb  penetrates  the 
membrane  the  more  rapidly,  is  the  first  to  be  stationary. 
The  relative  velocity  of  transmission  is  doubtless  a  complex 
phenomenon,  referable  to  the  natural  elasticity  of  each  gaa,  to 
its  difi^usiveness,  to  its  affinity  for  water,  and  to  the  size  of  its 
atom  should  that  differ  in  different  gases.     The  power  of  dif* 
ferent  liquids  to  absorb  gases  with  which  they  have  no  chemi- 
cal action,  is  explicable  on  the  same  principles.     A  gas  may 
be  absorbed  by  such  a  liquid,  entering  between  its  particles 
as  into  the  pores  of  a  membrane :  on  exposure  to  a  different 
atmosphere,  a  portion  of  the  absorbed  gas  escapes,  and  about 
an  equal  volume  of  the  other  enters  the  space  which  the 
former  had  occupied.     But  whatever  may  be  thought  of 
these  speculations,  the  facts  which  they  are  designed  to  ex- 
plain are  obviously  applicable  to  the  phenomena  of  respi- 
ration.    It  is  clear  that  oxygen  has  free  ingress  to  the  blood 
through  the  fine  membrane  of  the  lungs ;  and  carbonic  add, 
whether  pre-existing  in  venous  blood  or  generated  during  its 
flow  through  the  lungs,  has  a  free  passage  outwards.    This 
is  a  sufficiently  direct  inference  from  what  has  already  been 
mentioned ;  but  it  may  be  added,  as  additional  evidence,  that 
an  aqueous  solution  of  carbonic  acid  confined  in  a  bladder 
gives  out  that  gas  to  the  surrounding  atmosphere,  and  that 
▼enous  blood  exposed  in  a  bladder  to  the  air,  absorbs  oxygeo» 
emits  carbonic  acid,  and  acquires  the  arterial  character. 
It  appears  from  the  essays  of  Drs.  Faust  and  Mitchell  that 
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thdr  attention  was  awakened  to  the  permeability  of  meiii> 
branei  to  gases  by  the  endosmose  and  exosmose  of  liquids 
described  by  Dutrochet,  by  an  insulated  example  of  a  rimilar 
phenomenon  in  gases  observed  by  Mr.  Graham,  and  by  some 
facts  of  a  like  kind  noticed  long  ago  by  Priestley.  Dr. 
Stevens  also,  as  staled  at  page  96  of  his  late  treatise  on  the 
blood,  was  aware  that  carbonic  acid  passes  readily  through 
animal  membranes  when  air  is  on  the  other  side,  applied  that 
fact  to  the  theory  of  respiration,  and  brought  the  subject 
under  the  notice  of  several  men  of  science  in  New  York 
shortly  before  the  publication  of  Drs.  Faust  and  MitchdL 
But  the  views  of  Dr.  Stevens,  though  well  calculated  to 
elicit  inquiry,  were  vague  and  partial ;  and  the  American 
philosophers  are  entitled  to  the  merit  of  advancing  from  the 
detached  facts  of  others  to  the  establishment  of  a  principle. 

The  conversion  of  venous  into  arterial  blood  appears  not  to 
be  confined  to  the  lungs.  The  disengagement  of  carbonic 
acid  from  the  surface  of  the  skin,  and  the  corresponding  dis- 
appearance of  oxygen  gas,  was  demonstrated  by  the  experi- 
ments of  Jurine  and  Abernethy  ;  and  although  the  accuracy 
of  their  results  has  been  doubted  by  some  persons,  it  has  been 
confirmed  by  others.  However  this  may  be  in  the  human 
subject,  the  fact  with  respect  to  many  of  the  lower  animals  is 
unquestionable.  Spallanzani  proved  that  some  animals  pos- 
sessed of  lungs,  such  as  serpents,  lizards,  and  frogs,  produce 
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show  that  the  developement  of  aBimal  heat  is  dependent  on  tlie 
function  of  respiration,  although  the  mode  by  which  the  effect 
is  produced  has  not  hitherto  been  satisfactorily  determined. 
Thus,  in  all  animals  whose  respiratory  organs  are  small  and 
imperfect,  and  which  therefore  consume  but  a  comparatively 
minute  quantity  of  oxygen,  and  generate  little  carbonic  acid, 
the  temperature  of  the  blood  varies  with  that  of  the  medium 
in  which  they  live.  In  warm-blooded  animals,  on  the  con* 
trary,  in  which  the  respiratory  apparatus  is  larger,  and  the 
chemical  changes  more  complicated,  the  temperature  is  alnioat 
uniform ;  and  those  have  the  highest  temperature  whose 
lungs,  in  proportion  to  the  size  of  their  bodies,  are  largest, 
and  which  consume  the  greatest  quantity  of  oxygen.  The 
temperature  of  the  same  animal  at  different  times  is  connected 
with  the  state  of  the  respiration.  When  the  blood  circulates 
sluggishly,  and  the  temperature  is  low,  the  quantity  of  oxygen 
consumed  is  comparatively  small;  but,  on  the  contrary,  a 
large  quantity  of  that  gas  disappears  when  the  drculation  is 
brisk,  and  the  power  of  generating  heat  energetic  It  has 
also  been  observed,  especially  by  Crawford  and  De  Laroche, 
that  when  an  animal  is  placed  in  a  very  warm  atmosphere,  so 
as  to  require  little  heat  to  be  generated  within  his  own  body, 
the  consumption  of  oxygen  is  unusually  small,  and  the  blood 
within  the  veins  retains  the  arterial  character. 

The  connexion  between  the  power  of  generating  heat  and 
respiration  has  been  illustrated  in  a  very  pointed  manner  by 
Dr.  Edwards.  Some  young  animals,  such  as  puppies  and 
kittens,  require  so  small  a  quantity  of  oxygen  for  supporting 
life,  that  they  may  be  deprived  of  that  gas  altogether  for 
twenty  minutes  without  material  injury ;  and  it  is  remarkable 
that  so  long  as  they  possess  this  property,  the  temperature  of 
their  bodies  sinks  rapidly  by  free  exposure  to  the  air.  But 
as  they  grow  older  they  become  able  to  maintain  their  own 
temperature,  and  at  the  same  time  their  power  to  endore 
the  privation  of  oxygen  ceases.  The  same  observation  ap- 
plies  to  young  sparrows,  and  other  birds  which  are  naked 
when  hatched ;  while  young  p^tridges,  which  are  both 
fledged  and  able  to  retain  their  own  temperature  at  the  period 
of  quitting  the  shell,  die  when  deprived  of  oxygen  as  rapidly 
as  an  adult  bird. 

The  first  consistent  theory  of  the  production  of  animal  heat 
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■ns  proposed  by  Dr.  Crawford-  Thia  theory  was  founded  on 
the  assumption  that  the  carbonic  acid  contained  in  the  breath 
is  generated  in  the  lungs,  and  that  its  formation  is  accom- 
panied with  disengagement  of  caloric.  But  unce  the  tem- 
perature of  the  lungs  is  not  higher  than  that  of  other  internal 
organs,  and  arterial  very  little  if  at  all  wanner  than  venous 
blood,  it  follows  that  the  greater  part  of  the  caloric,  instead 
of  becoming  free,  must  in  some  way  or  other  be  rendered  in- 
sensible. Accordingly,  on  comparing  the  specific  caloric  of 
arterial  and  venous  blood.  Dr.  Crawford  found  the  capacity  of 
the  former  to  exceed  that  of  the  latter  in  the  ratio  of  1030  to 
89S.  He  therefore  inferred  that  the  dark  blood  within  the 
veins,  at  the  moment  of  being  arlerialized,  acquires  an  increase 
of  inaenuble  caloric ;  and  that  while  circulating  through  the 
body,  and  gradually  resuming  the  venous  character,  it  suffers 
a  diminution  of  capacity,  and  evolves  a  proportional  degree 
of  beat. 

Unfortunately  for  the  hypothesis  of  Crawford,  one  of  the 
leading  facts  oa  which  it  is  founded  has  been  called  in  ques- 
tion, Dr.  Davy  maintaining,  on  the  authority  of  his  own  expe- 
riments, that  there  is  little  or  no  difference  between  the  capa- 
city of  venous  and  arterial  blood.  (PhiloH.  Trans,  for  1814.) 
If  this  be  true,  the  hypothesis  itself  necessarily  falls  to  the 
ground.  One  part  of  the  doctrine  of  Crawford  may,  bow- 
ever,  in  a  modified  form,  be  applied  to  the  theory  of  respi- 
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narcotic  poisons  or  division  of  the  spinal  marrow.  (Phil. 
Trans,  for  1811  and  1812.)  In  an  animal  so  treated,  the 
blood  continued  to  circulate,  oxygen  gas  disappeared,  carbo- 
nic acid  was  evolved,  and  the  usual  changes  of  colour  took 
place  with  regularity ;  but  notwithstanding  the  concurrence 
of  all  these  circumstances,  the  temperature  fell  with  equal  if 
not  greater  rapidity  than  in  another  animal  killed  at  the  same 
time,  but  in  which  artificial  respiration  was  not  performed. 

Were  these  experiments  rigidly  exact,  they  would  lead  to 
the  opinion  that  no  caloric  is  evolved  by  the  mere  process  of 
arterialization.  This  inference,  however,  cannot  be  admitted 
for  two  reasons : — ^first,  because  other  physiologists,  in  repeat- 
ing the  experiments  of  Brodie,  have  found  that  the  process  of 
cooling  is  retarded  by  artificial  respiration ;  and,  secondly,  be^ 
cause  it  is  difficult  to  conceive  why  the  formation  of  carbonic 
acid,  which  uniformly  gives  rise  to  increase  of  temperature  in 
other  cases,  should  not  be  attended  within  the  animal  body 
with  a  similar  effect.  It  may  hence  be  inferred,  that  this  is 
one  of  the  sources  of  animal  heat.  It  is  certain,  however,  that 
the  heat  of  animals  cannot  be  maintained  by  the  sole  process 
of  arterialization.  Consistently  with  this  fact,  the  researches 
of  Dulong  and  Despretz  agree  in  proving,  in  opposition  to 
the  results  obtained  by  Lavoisier  and  Crawford,  that  a  healthy 
animal  imparts  to  surrounding  bodies  a  quantity  of  heat  con- 
siderably greater  than  can  be  accounted  for  by  the  combustion 
of  the  carbon  thrown  off*  during  the  same  interval  Grom  the 
lungs  in  the  form  of  carbonic  acid.    (An.  de  Ch.  et  Ph.  xxvi.) 

Though  the  influence  of  the  nervous  system  over  the  deve- 
lopement  of  animal  heat  is  no  longer  doubtful,  physiologists 
are  not  agreed  as  to  the  mode  by  which  it  operates.  Its 
action  may  either  be  direct  or  indirect ;  that  is,  the  nerves 
may  possess  some  specific  power  of  generating  heat,  or  they 
may  excite  certain  operations  by  which  the  same  effect  is 
occasioned.  It  is  far  from  improbable,  that  the  nerves  act 
more  by  the  latter  than  the  former  mode ;  that  the  infinite 
number  of  chemical  phenomena  going  on  in  the  minute  arte- 
rial branches  during  the  processes  of  secretion  and  nutrition, 
processes  which  are  entirely  dependent  on  the  nervous  system, 
are  attended  with  disengagement  of  caloric.  This  view  has, 
at  least,  been  ably  defended  by  Dr.  Williams  in  an  essay 
published  in  the  Med.  Chir.  Trans,  of  Edinburgh.     (Vol.  ii.) 
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pired  air  is  actually  generated  in  the  lungs  themselvcfl ;  while, 
according  to  the  other,  this  gas  is  thought  to  exist  ready 
formed  in  the  blood,  and  to  be  merely  thrown  olTfrom  that 
liquid  during  its  distribution  through  the  lungs.  The  for- 
mer theory,  which  appears  to  have  originated  with  Priestley, 
has  received  several  modifications.  Priestley  imagined  that 
the  phenomena  of  respiration  are  owing  to  the  disengagement 
of  phlogiston  from  the  blood,  and  its  combination  with  the 
air.  Dr.  Crawford  modified  this  doctrine  in  the  following 
manner.  (Crawford  on  Animal  Heat.)  He  was  of  opinion 
that  venous  blood  contains  a  peculiar  compound  of  carbon 
and  hydrogen,  termed  Aydro-carban,  the  elements  of  which 
unite  in  the  lungs  with  the  oxygen  of  the  air,  forming  water 
with  the  one,  and  carbonic  acid  with  the  other;  and  that  the 
blood,  thus  purified,  regains  its  florid  hue,  and  becomes  fit 
for  the  purposes  of  the  animal  economy. 

The  hypothesis  of  Crawford,  however,  is  not  merely  liable 
to  the  objection  that  the  supposed  hydro-carbon,  as  respects 
the  blood,  is  quite  imaginary  ;  but  it  was  found  at  variance 
with  the  leading  facts  established  by  Allen  and  Pepys.  By 
the  elaborate  researches  of  these  chemists  it  was  established, 
that  carbonic  acid  gas  contains  its  own  volume  of  oxygen ; 
and  they  also  concluded  that  air,  inhaled  into  the  lungs,  re* 
turns  charged  with  a  quantity  of  carbonic  acid,  almost  ex- 
actly equal  in  bulk  to  the  oxygen  which  disappears — an  infer- 
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of  lime,  4*8  of  phosphate  of  lime,  and  3*6  of  animal  matter. 
A  salivary  concretion  of  a  horse  was  found  by  M.  Henry, 
juD.  to  consist  of  carbonate  of  lime  85*52,  carbonate  <^  mag- 
nesia 7*56,  phosphate  of  lime  4*40,  and  2*48  of  animal  matter. 
— Carbonate  of  lime  is  the  chief  ingredient  of  salivary  con- 
cretions. 

Pancreatic  Juice. — This  fluid  is  commonly  supposed  to  be 
analogous  to  the  saliva,  but  it  appears  from  the  analysis  of 
Tiedemann  and  Omelin  that  it  is  essentially  different.  The 
chief  animal  matters  are  albumen,  and  a  substance  like  curd ; 
but  it  also  contains  a  small  quantity  of  salivary  matter  and 
osmazome.  It  reddens  litmus  paper,  owing  to  the  presence 
of  free  acid,  which  is  supposed  to  be  the  acetic  Its  salts  are 
nearly  the  same  as  those  contained  in  the  saliva,  except  that 
sulpho-cyanic  acid  is  wanting.  The  uses  of  this  fluid  are 
entirely  unknown. 

Gastric  Juice.  —  The  gastric  juice,  collected  from  the 
stomach  of  an  animal  killed  while  fasting,  is  a  transparent 
fluid  which  has  a  saline  taste,  and  has  neither  an  acid  nor 
alkaline  reaction.  During  the  process  of  digestion,  on  the 
contrai*y,  it  is  found  to  be  distinctly  acid.  Thus  free  muri- 
atic add  was  detected  under  these  circumstances  by  Dr. 
Prout  in  the  stomach  of  the  rabbit,  hare,  horse,  calf,  and 
<log »  (Phil.  Trans.  1824)  and  he  has  discovered  the  same 
acid  in  the  sour  matter  ejected  from  the  stomach  of  persons 
labouring  under  indigestion,  a  fact  which  has  since  been  ok»- 
firmed  by  Mr.  Children.  Messrs.  Tiedemann  and  Omelin 
have  observed  that  the  secretion  of  acid  commences  as  soon  as 
the  stomach  receives  the  stimulus  of  food  or  any  foreign  body. 
This  effect  is  occasioned,  for  example,  by  the  presence  of  flint 
stones  or  other  indigestible  matters ;  but  it  is  produced  in  a 
still  greater  degree  by  substances  of  a  stimulating  nature. 
According  to  their  observation  the  acidity  is  owing  to  ibe 
secretion  of  free  muriatic  and  acetic  acids. 

The  gastric  juice  coagulates  milk,  apparently  in  conse- 
quence of  the  acid  secret^  during  digestion.  According  to 
the  experiments  of  Spallanzani  and  Stevens  it  is  highly 
antiseptic,  not  only  preventing  putrefaction,  but  renderii^ 
meat  fresh  after  it  is  tainted.  But  of  all  the  piop^ties  of 
the  gastric  juice,  its  solvent  virtue  is  the  most  remarkable, 
being  that  on  which  depends  the  first  stage  of  the  process 
of  digestion.     When  the  food  is  introduced  into  the  st<Mnach» 
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into  the  gUss  and  some  of  the  confined  gas  escape  from  it ;  and 
if  the  experiment  be  reversed  b;  confiaing  air  in  the  glass, 
which  is  then  placed  in  an  atmosphere  of  carbonic  acid,  the 
latter  passes  in  and  the  former  out  uf  the  glass.  Similar  phe- 
nomena ensue  with  other  gases ;  so  that  when  any  two  gases 
are  separated  by  a  membrane,  both  of  them  pass  through  the 
partition.  The  permeability  of  a  membrane  is  greater  in  • 
living  than  in  a  dead  animal ;  but  the  property  is  by  no 
means  peculiar  to  organized  matter,  since  a  thin  lamina  of 
any  substance  of  organic  origin,  such  as  a  sheet  of  caoutchouc, 
is  freely  permeable.  Water  and  other  liquids  transmit  gases 
apparently  on  the  same  principle  as  membranes ;  and  porous 
solid  bodies  of  the  mineral  kingdom  will  doubtless  be  found 
to  possess  a  similar  property. 

But  though  all  gases  pass  through  membranous  septa,  they 
differ  remarkably  in  the  relative  rapidity  of  transmission. 
Thus  Dr.  Mitchell  found  (hat  the  time  required  for  the  pa^ 
sage  of  equal  volumes  of  different  gases  through  the  same 
membrane,  was  1  minute  with  ammonia,  2^  minutes  with 
sulphuretted  hydrogen,  3^  with  cyanogen,  5i  with  carbonic 
acid,  6^  with  protoxide  of  nitrogen,  27^  with  arseniuretted 
hydrogen,  28  with  olefiant  gas,  37i  with  hydrogen,  113  with 
oxygen,  160  with  carbonic  oxide,  and  a  much  greater  time 
with  nitrogen.  Hence,  when  a  bladder  full  of  air  is  sur- 
rounded with  carbonic  acid,  the  latter  enters  faster  than  the 
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invariably  attended  with  the  secretion  of  muriatic  and  acetic 
acids,  and  ascertained  that  these  adds,  at  the  temperature  of 
the  body,  are  capable  of  dissolving  all  the  digestiUe  sub- 
stances employed  as  food.  Similar  remarks  on  the  invariable 
connection  between  the  acidity  and  solvent  power  of  the  gas- 
tric fluids  have  been  made  by  Dr.  Carswell^  who  informs  me 
of  the  additional  decisive  fact,  that  on  neutralizing  the  gas- 
tric juice  with  magnesia,  its  solvent  property  was  destroyed. 
It  would  thus  seem  that  the  stimulus  of  food  causes  the  neu- 
tral salts  of  the  blood  circulating  in  the  stomach  to  be  decom- 
posed, either  by  a  purely  vital  process,  or  as  Dr.  Prout  sug- 
gests by  a  galvanic  operation ;  that  the  alkali  remains  in  the 
blood,  causing  the  alkalinity  of  that  liquid ;  and  that  the 
acids,  passing  into  the  stomach,  dissolve  the  food. 

BILE    AND    BILIARY   CONCRETIONS. 

The  bile  is  a  yellow  or  greenish-yellow  coloured  fluid,  of  a 
peculiar  sickening  odour,  and  of  a  taste  at  first  sweet  and 
then  bitter,  but  exceedingly  nauseous.  Its  consistence  is  va- 
riable, being  sometimes  limpid,  but  more  commonly  viscid 
and  ropy.  It  is  rather  denser  than  water,  and  may  be  mixed 
with  that  Uquid  in  every  proportion.  It  contains  a  minute 
quantity  of  free  soda,  and  is  therefore  slightly  alkaline ;  but 
owing  to  the  colour  of  the  bile  itself,  its  action  on  test  paper 
is  scarcely  visible. 

Of  the  chemists  who  have  of  late  years  investigated  the 
composition  of  the  bile,  Thenard,  Berzelius,  Tiedemann,  and 
Gmelin  deserve  particular  mention.  In  an  elaborate  essay 
published  in  the  Memoires  d*Arcueily  vol.  L  Thenard  endea- 
voured to  show  that  the  bile  of  the  ox  consists  of  three  di»* 
tinct  animal  principles,  a  yellow  colouring  matter,  a  species 
of  resin,  and  a  peculiar  substance^  to  which,  from  its  sweetish 
bitter  taste,  he  applied  the  name  of  pieromeL  According  to 
his  analysis,  800  parts  of  bile  consist  of  water  700  parts,  restn 
15,  picroroel  69,  yellow  matter  about  4,  soda  4,  phosphate  of 
soda  2,  muriates  of  soda  and  potash  3'6,  sulphate  of  soda  0*8, 
phosphate  of  lime  and  perhaps  magnesia  1*2,  and  a  trace  of 
oxide  of  iron.  He  supposed  the  resin  to  be  combined  with 
the  picromel  and  soda,  and  ascribes  its  solubility  in  water  to 
this  cause. 

Berzelius  takes  a  totally  difierent  view  of  the  constitutioii 
of  the  bile.     He  denies  that  this  fluid  contains  any  reiinoiis 
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their  attention  was  awakened  to  the  permeability  of  mem- 
branes to  gaaes  by  the  ecdosmoBe  and  exosmose  of  liquids 
described  by  Dutrochet,  by  an  insulated  example  of  a  similar 
phenomenon  in  gases  observed  by  Mr.  Graham,  and  by  some 
facts  of  a  like  kind  noticed  long  ago  by  Friesttey.  Dr. 
Stevens  also,  as  stated  at  page  96  of  bis  late  treatise  on  the 
blood,  was  aware  that  carbonic  acid  passes  readily  through 
animal  membranes  when  air  is  on  the  other  side,  applied  that 
fact  to  the  theory  of  respiration,  and  brought  the  subject 
under  the  notice  of  several  men  of  science  in  New  York 
shortly  before  the  publication  of  Drs.  Faust  and  Mitchell. 
But  the  views  of  Dr.  Stevens,  though  well  calculated  to 
elicit  inquiry,  were  vague  and  partial;  and  the  American 
philosophers  are  entitled  to  the  merit  of  advancing  from  the 
detached  facts  of  others  to  the  establishment  of  s  principle. 

The  conversion  of  venous  into  arterial  blood  appears  not  to 
be  confined  to  the  lungs.  The  disengagement  of  carbonic 
Bcid  from  the  surface  of  the  skin,  and  the  corresponding  dis- 
appearance of  oxygen  gas,  was  demonstrated  by  the  experi- 
ments of  Jurine  and  Abernethy  ;  and  although  the  accuracy 
of  their  results  has  been  doubted  by  some  persons,  it  has  been 
confirmed  by  others.  However  this  may  be  in  the  human 
subject,  the  fact  with  respect  to  many  of  the  lower  animals  is 
unquestionable.  Spallanzani  proved  that  some  animals  pos- 
sessed of  lungs,  such  as  serpents,  lizards,  and  frogs,  produce 
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portion  of  resin.  The  chief  difficulty,  indeed,  of  preparing 
pure  picromel  arises  from  its  tendency  to  dissolve  the  resin ; 
and  the  only  mode  of  separation  is  by  throwing  them  down 
repeatedly  by  means  of  subacetate  of  lead.  By  this  process 
the  affinity  of  the  picromel  and  resin  for  each  other  is  gradu« 
ally  lessened,  until  at  length  the  separation  is  rendered  com- 
plete. 

Pure  picromel  occurs  in  opaque  rounded  crystalline  par- 
ticles, is  soluble  in  water  and  akohol,  but  is  insoluble  in  ether. 
Its  taste  is  sweet  without  any  bitterness ;  but  it  cannot  be 
regarded  as  a  species  of  sugar,  because  a  laige  quantity  of 
nitrogen  enters  into  its  composition.  Its  aqueous  solution  is 
not  precipitated  by  acids,  nor  by  acetate  and  subacetate  of 
lead.  When  digested  with  the  resin  of  bile,  a  portion  of  the 
latter  is  dissolved,  and  a  solution  is  obtained,  which  has  both 
a  bitter  and  sweet  taste,  and  yields  a  precipitate  with  sub* 
acetate  of  lead  and  the  stronger  acids.  This  is  the  compound 
which  causes  the  pecuHar  taste  of  the  bile. 

The  bile  of  the  human  subject  has  not  been  studied  so  mi- 
nutely as  that  of  the  ox.  According  to  Thenard  it  consistst 
besides  salts,  of  water,  colouring  matter,  albumen,  and  a  spe-> 
des  of  resin.  Chevallier  has  since  detected  picromel,  amd 
Chevreul  cholesterine,  in  human  bile ;  and  both  theae  disoo- 
▼eries  have  been  confirmed  by  the  observations  of  Tiedemann 
and  Gmelin. 

The  derangement  which  takes  place  in  the  system  when  the 
secretion  of  bile  or  its  passage  into  the  intestines  is  arrested,  is 
a  sufficient  indication  of  the  importance  of  this  fluid.  It  acts 
as  a  stimulus  to  the  intestinal  canal  generally,  and  produces 
on  the  chyme  some  peculiar  change,  which  is  essential  to  its 
conversion  into  chyle. 

Biliary  Calculi. — The  concretions  which  are  sometimefl 
formed  in  the  human  gall-bladder  have  been  particularly  exa- 
mined by  Fourcroy,  Thenard,  and  Chevreul.  Fourcroy  found 
that  they  consist  chiefly  of  a  peculiar  fatty  matter,  resemUing 
spermaceti,  which  he  included  under  the  name  of  adipodrt^ 
(page  884) ;  and  the  experiments  of  Thenard  tended  to  con- 
firm this  view.  According  to  Chevreul,  however,  luliary  con- 
cretions in  general  are  composed  of  the  yellow  colouring  mat- 
ter of  the  bile  and  cholesterine,  the  latter  predominating,  and 
being  sometimes  in  a  state  of  purity ;  and  I  have  had  frequent 
opportunities  of  satisfying  myself  of  the  accuracy  of  this  ob- 
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wu  proposed  by  Dr.  Crawrord.  Thi>  theory  was  founded  on 
the  auumption  that  the  carbonic  acid  contained  in  the  breath 
is  generated  ia  tbe  lungs,  and  that  its  formation  is  accom- 
panied with  disengagement  of  caloric.  But  since  the  tem- 
perature of  tbe  lungs  is  not  higher  than  that  of  other  internal 
organs,  and  arterid  very  little  if  at  alt  warmer  than  venous 
blood,  it  follows  that  the  greater  part  of  the  caloric,  instead 
of  becoming  free,  must  in  some  way  or  other  be  rendered  in- 
sendble.  Accordingly,  <m  comparing  the  specific  caloric  of 
arlmal  and  venous  blood.  Dr.  Crawford  found  the  capacity  of 
the  former  to  exceed  that  of  the  latter  in  the  ratio  of  1030  to 
892.  He  therefore  inferred  that  the  dark  blood  within  tbe 
veins,  at  the  moment  of  being  arterialized,  acquires  an  increase 
of  insensible  caloric ;  and  that  while  circulating  through  the 
body,  and  gradually  resuming  tbe  venous  cliarocter,  it  suffers 
a  diminution  of  capacity,  and  evolves  a  proportional  degree 
of  heat. 

UnftHTtunately  for  the  hypothesis  of  Crawford,  one  of  tbe 
leading  facts  on  which  it  is  founded  has  been  called  in  ques- 
tion, Dr.  Davy  maintaining,  on  the  authority  of  his  own  expe- 
riments, that  there  is  little  or  no  difference  between  the  capa- 
city of  venous  and  arterial  blood.  (Pbilos.  Trans,  for  1814.) 
If  this  be  true,  the  hypothesis  itself  necessarily  falls  to  the 
ground.     One  part  of  tbe  doctrine  of  Crawford  may,  how- 
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place,  with  disengagement  of  hydrogen  gas,  when  erythrogen 
is  digested  in  a  solution  of  ammonia ;  and  when  volatilized  in 
the  open  air,  it  yields  a  purple-coloured  vapour.  M.  Bizio  is 
of  opinion  that  the  erythrogen,  under  all  these  circumstances, 
unites  with  nitrogen,  and  that  the  product  is  identical  with 
the  colouring  matter  of  the  blood.  The  production  of  the 
red  compound  is  characteristic  of  erythrogen,  and  suggested 
the  name  by  which  this  substance  is  designated.  (E^vd^^, 
ruber.)     (Journal  of  Science,  vol.  xvi.) 

Erythrogen  has  not  been  discovered  either  in  bile  or  in  any 
of  the  animal  fluids. 

SECTION  III. 

CHYLE.       MILK.      EGOS. 

Chyle. — Ths  fluid  absorbed  by  the  lacteal  vessels  from  the 
small  intestines  during  the  process  of  digestion  is  known  by 
the  name  of  chyle.  Its  appearance  varies  in  diflerent  animals; 
but  as  collected  from  the  thoracic  duct  of  a  mammiferous  ani- 
mal three  or  four  hours  after  a  meal,  it  is  a  white  opaque  fluid 
like  milk,  having  a  sweetish  and  slightly  saline  taste.  In  a 
few  minutes  after  removal  from  the  duct  it  becomes  solid,  and 
in  the  course  of  twenty-four  hours  separates  into  a  firm 
coagulum,  and  a  limpid  liquid,  which  may  be  called  the  serum 
of  the  chyle.  The  coagulum  is  an  opaque  white  substance, 
of  a  slightly  pink  hue,  insoluble  in  water,  but  soluble  easily 
in  the  alkalies  and  alkaline  carbonates.  Vauquelin  *  regards 
it  as  fibrin  in  an  imperfect  state,  or  as  intermediate  between 
that  principle  and  albumen;  but  Mr.  Brande*)-  considers 
it  more  closely  allied  to  the  caseous  matter  of  milk  than  to 
fibrin. 

The  serum  of  chyle  is  rendered  turbid  by  heat,  and  a  few 
flakes  of  albumen  are  deposited ;  but  when  boiled  after  being 
mixed  with  acetic  acid,  a  copious  precipitation  ensues.  To 
this  substance,  which  thus  difibrs  slightly  from  albumen.  Dr. 
Prout  has  applied  the  name  of  incipient  albumen.  The  same 
chemist  has  made  a  comparative  analysis  of  the  chyle  of  two 
dogs,  one  of  which  was  fed  on  animal  and  the  other  on  vege- 
table substances,  and  the  result  of  his  inquiry  is  as  follows: 
— (Annals  of  Philos.  vol.  xiii.  p.  25.) 

*  An.  de  Ch.  vol.  zxzi.  f  Philoa.  Trtns.  for  1S12. 


SECTION  II. 

ON  THE  SECBETED  FLUIDS  SUBSERVIENT  TO  DIGESTION. 

SALIVA,  PANCREATIC  AND  GASTRIC  JUICES. 

Saliva. — The  uliva  is  a  slightly  viscid  liquor,  secreted  by 
the  salivary  glaods.  When  mixed  with  distilled  water,  a 
flaky  matter  subsides  which  is  mucus,  derived  apparently 
from  the  lining  membrane  of  the  mouth.  The  clear  solution, 
when  exposed  to  the  agency  of  galvanism,  yields  a  coagulum, 
and  is  hence  inferred  by  Mr.  Brande  to  contain  albumen ;  but 
the  quantity  of  this  principle  is  so  very  small  that  its  pre- 
srace  cannot  be  demonstrated  by  any  other  reagent.  The 
greater  part  of  the  animal  matter  remaining  in  the  liquid  is 
peculiar  to  the  saliva,  and  may  be  termed  salivary  matter. 
It  is  soluble  in  water,  insoluble  in  alcohol,  and,  when  freed 
from  the  accompanying  salts,  is  not  precipitated  by  subacetate 
of  lead,  corrosive  sublimate,  or  infusion  of  gall-nuts.  The 
saliva  likewise  contains  a  small  quantity  of  animal  matter, 
which  is  soluble  both  in  alcohol  and  water,  and  which  is  sup- 
posed hy  Tiedemann  and  Omelin  to  be  osmazome. 

The  solid  contents  of  the  saliva,  according  to  Berzelius,  du 
not  exceed  seven  in  1000  parts,  the  rest  being  water.  From 
the  recent  analysis  of  Tiedemann  and  Omelin,  the  chief  saline 
constituent  is  muriate  of  potash  ;  but  several  other  salts,  such 
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rated  from  the  whey  by  washing  with  water,  is  generally  con- 
sidered to  be  caseous  matter^  or  the  basis  of  cheese  in  a  state 
of  purity.  In  this  state,  it  is  a  white,  insipid,  inodorous  sab* 
stance,  insoluble  in  water,  but  readily  soluble  in  the  alkalies, 
especially  in  ammonia.  By  alcohol  it  is  converted,  like  albu- 
men and  fibrin,  into  an  adipocirous  substance  of  a  fetid  odour ; 
and,  like  the  same  substance,  it  may  be  dissolved  by  a  suf- 
ficient quantity  of  acetic  acid. 

Braconnot  maintains  that  caseum,  in  its  coagulated  state, 
is  always  combined  with  some  fordgn  substance,  generally  an 
earthy  salt  or  an  acid,  on  which  its  insolubility  depends ;  and 
that  when  pure,  it  is  soluble  both  in  hot  and  oold  water,  is 
not  coagulated  either  by  heat  or  air,  and  when  coooentrated 
becomes  viscid  like  mucilage,  being  so  highly  adhesive  that  it 
may  be  usefully  employed  as  a  cement.  Soluble  caseum  may 
be  obtained  from  curd,  spontaneously  formed  in  milk  as  il 
becomes  sour,  in  which  state  it  is  combined  with  acetic  acid, 
by  washing  the  curd,  and  digesting  it  with  water,  to  which  so 
much  carbonate  of  potash  is  added  as  is  suflSdent  to  unite 
with  the  acetic  acid.  Acetate  of  potash  is  generated  with  dis- 
engagement of  carbonic  add,  and  the  caseum  is  dissolved.  In 
order  to  separate  it  from  the  accompanying  acetate,  the  solu- 
tion, after  separating  the  cream  which  collects  on  its  surfisce 
by  repose,  is  mixed  with  a  little  sulphuric  acid,  and  the  pre- 
cipitated sulphate  of  caseum,  carefully  washed,  is  dissolved  in 
water  by  means  of  the  smallest  possible  quantity  of  carbonate 
of  potash.  If  alcohol  is  then  freely  employed,  the  caseum 
itself  is  thrown  down ;  but  if  the  solution  is  mixed  with  about 
its  own  volume  of  alcohol,  a  deposite  of  sulphate  of  potash 
with  some  curd  and  cream  takes  place,  and  the  filtered  liquor 
contains  caseum  in  a  state  of  great  purity. 

Caseum,  as  thus  prepared,  still  contains  a  little  potash ; 
but  Braconnot  considers  its  solubility  as  not  dependent  on  the 
presence  of  the  alkali.  When  evaporated  to  dryness  it  forms 
a  diaphanous  mass  which  strongly  resembles  gum  arahic,  may 
be  long  preserved  without  change,  and  still  retains  its  solu- 
bility in  water.  It  has  an  acid  reaction,  and  combines  readily 
with  the  alkalies,  forming  very  soluble  compounds.  With 
other  metallic  oxides,  as  well  as  with  thdr  salts,  it  forms 
sparingly  soluble  compounds.  Its  affinity  for  acids  is  equally 
marked,  and  it  is  precipitated  by  all  the  mineral  adds,  except 
the  phosphoric.     Braconnot  conceives  that  soluble  caseum 
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it  is  there  intimctely  mixed  with  the  gastric  juice,  by  the 
agency  of  which  it  is  dissolved,  and  converted  into  a  semi- 
fluid matter  called  chyme.  That  this  change  is  really  owing 
to  the  solvent  power  of  the  gastric  juice  fully  appears 
from  the  researches  of  Spallanzani,  Reaumur,  and  Stevens. 
In  the  experiments  of  Dr.  Stevens,  described  in  his  Inau- 
gural PissertatioD,  the  common  articles  of  food  were  enclosed 
in  hollow  silver  spheres  perforated  with  boles,  and  after  re- 
maining for  some  time  within  the  stomach,  completely  pro- 
tected from  pressure  and  trituration,  the  alimentary  sub- 
■tancea  were  found  to  have  been  entirely  dissolved.  A  simi- 
lar effect  takes  place  when  nutritious  matters,  out  of  the 
body,  are  mixed  with  the  gastric  fluid,  and  the  mixture  is  ex- 
posed to  a  temperature  of  100°  Fahr.  So  great,  indeed,  is 
the  solvent  power  of  this  fluid,  that  tt  has  been  known  to  dis- 
solve the  coats  of  the  stomach  itself;  at  least  the  corrosions 
of  this  organ  sometimes  witnessed  in  persons  who  have  died 
suddenly  while  fasting,  and  in  good  health,  were  ascribed  by 
the  celebrated  physiologist,  John  Hunter,  to  this  cause.  That 
the  agent  here  assigned  is  adequate  to  produce  such  an  effect, 
has  been  fully  proved  by  my  colleague,  Dr.  Carswell.  (Edin. 
Med.  and  Surg.  Journal,  October  1830.)  Rabbits  were  kill- 
ed by  a  blow  on  the  bead  during  digestion,  and  then  suspend- 
ed for  some  hours  by  the  hinder  legs.  The  moat  dependent 
parts  of  the  stomach,  to  which  the  fluids  had  gravitated,  were 
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cipitate.  The  crystals,  if  suddenly  heated,  volatilize  without 
change ;  but  if  the  heat  is  gradually  raised,  decomposition 
ensues,  and  a  large  quantity  of  carbonate  and  hydrosulphate 
of  ammonia  is  generated.  When  strongly  heated  in  open 
vessels  it  takes  fire,  and  burns  with  flame  without  residue. 

The  composition  of  caseous  oxide  has  not  been  determined, 
but  from  the  facility  with  which  its  aqueous  solution  putrefies, 
Braconnot  regards  it  as  a  highly  azotized  animal  principle. 
It  contains  sulphur  also.  He  believes  it  to  be  a  product  of 
the  putrefaction  of  all  animal  substances,  and  proposes  for  it 
the  name  of  aposepedine^  from  awo  and  (nynSonr,  result  of  pu* 
trefaction,  as  more  appropriate  than  caseous  oxide. 

Braconnot  denies  the  existence  of  caseic  acid.  Proust^s 
caseate  of  ammonia  consists  of  various  substances,  such  as 
free  acetic  acid,  aposepediue,  animal .  matter,  resin,  several 
salts,  and  a  yellow  pungent  oil,  which  is  the  chief  cause  of 
the  pungency  of  old  cheese. 

From  750  parts  of  curd  completely  putrefied  were  obtained 
36  of  dry  matter  insoluble  in  water.  These  consisted  of  14*92 
parts  of  margarate  of  lime,  2*57  of  margaric  acid,  and  18*51 
of  oleic  acid,  retaining  margaric  acid  and  a  brown  animal 
matter. 

According  to  the  analysis  of  Gay-Lussac  and  Thenard,  100 
parts  of  the  caseous  matter  are  composed  of  carbon  59*781, 
hydrogen  7*429,  oxygen  11*409»  and  nitrogen  21*381.  It 
yields  by  incineration  a  white  ash  amounting  to  6'5  per  ceot 
of  its  weight,  the  greater  part  of  which  is  phosphate  of  b'me, 
a  circumstance  which  renders  caseous  matter  an  article  of  food 
peculiarly  proper  for  young  animals. 

Milk  carefully  deprived  of  its  cream  has  a  specific  gravity 
of  about  1*033;  and  1000  parts  of  it,  according  to  Berzdius, 
are  thus  constituted : — water  928*75,  caseous  matter  with  a 
trace  of  butter  28 ;  sugar  of  milk  35 ;  muriate  and  phosphate 
of  potash  1*95;  lactic  acid,  acetate  of  potash,  and  a  trace 
of  lactate  of  iron  6*00 ;  and  earthy  phosphates  0*30.  Sub» 
tracting  the  caseous  matter,  the  remaining  substances  con- 
stitute whey. 

Eggs.-^Tbe  composition  of  the  recent  egg  and  the  changes 
which  it  undergoes  during  the  process  of  incubation,  have 
been  ably  investigated  by  Dr.  Prout.  (Phil.  Trans,  for  1822.) 
New-laid  eggs  are  rather  heavier  than  water ;  but  they  be^ 
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principle,  and  n^tda  the  yellow  matter,  renn,  aad  picromel 
of  Thenard,  as  one  and  the  same  substance,  to  which  he  mp- 
frfies  the  name  of  btliary  matter.  (Med.  Chir.  Trans,  iii.) 
Tiedemann  and  Omelin,  however,  in  their  recent  work  on 
Digestion,  admit  the  existence  of  picromel  and  resin  aa  the 
chief  constituents  of  bile ;  although  it  appears  from  their  ex- 
periments that  the  substance  described  by  Thenard  as  picro> 
mel  was  not  pure,  but  contained  a  portion  of  resin.  Accord- 
ing  to  the  analysis  of  these  chemists,  the  bile  of  the  ox  ia 
a  very  complex  fluid,  consisting  of  the  following  ingredients : 
— water  to  the  extent  of  91 '5  per  cent ;  a  volatile  odoriferoiu 
principle ;  cholesterine ;  resin ;  asparagin ;  picromel ;  yellow 
colouring  matter ;  a  peculiar  azotized  substance  soluble  in 
water  and  alcohol ;  a  substance  which  is  soluble  in  hot  al- 
cohol, but  insoluble  in  water,  supposed  to  be  gluten ;  osma- 
xome ;  a  principle  which  emits  an  urinous  odour  when  heated ; 
a  substance  analogous  to  albumen  or  caseous  matter;  and 
mucus.  The  salts  of  the  bile  are  the  margarate,  oleate* 
acetate,  cholale,  bicarbonate,  phosphate,  sulphate,  and  muri- 
ate of  soda,  together  with  a  little  phosphate  of  lime.  The 
c^ic  is  a  peculiar  animal  acid,  which  crystallizes  in  needles, 
reddens  litmus  paper,  and  is  distinguished  from  analogous 
compounds  by  having  a  sweet  taste. 

The  flaky  precipitate  which  is  occasioned  by  adding  adds 
to  bile  from  the  ox,  consists  of  several  substances.     At  first 
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some  dropsical  affections.  Mr.  Brande  collected  it  from  the 
thoracic  duct  of  an  animal  which  had  been  kept  without  food 
for  twenty-four  hours.  Its  chief  constituent  is  water,  besides 
which  it  contains  muriate  of  soda  and  albumen,  the  latter 
being  in  such  minute  quantity  that  it  is  coagulated  only  by 
the  action  of  galvanism.  Lymph  does  not  affect  the  colour 
of  test  paper ;  but  when  evaporated  to  dryness,  the  residue 
gives  a  green  tint  to  the  syrup  of  violets. 

The  fluid  secreted  by  serous  membranes  in  general,  such 
as  the  pericardium,  pleura,  and  peritoneum,  is  very  similar 
to  lymph.  According  to  Dr.  Bostock,  100  parts  of  the  liquid 
of  the  pericardium  consist  of  water  92  parts,  albumen  5*5, 
mucus  2,  and  muriate  of  soda  0*5.  The  serous  fluid  exhaled 
within  the  ventricles  of  the  brain  in  Hydrocephalus  intemus 
is  composed,  in  1000  parts,  of  water  988*3,  albumen  1*66, 
muriate  of  potash  and  soda  7'09>  lactate  of  soda  and  its  ani- 
mal matter  2'32,  soda  0*28,  and  animal  matter  soluble  only  in 
water,  with  a  trace  of  phosphates,  0*35.  (Berzelius,  in  Med. 
Chir.  Trans,  vol.  iii.  p.  252.) 

The  liquor  of  the  amnios,  or  the  fluid  contained  in  the 
membrane  which  surrounds  the  foetus  in  utero^  differs  in  dif- 
ferent  animals.  That  of  the  human  female  was  found  by 
Vauquelin  and  Buniva  to  contain  a  small  quantity  of  albu- 
men, soda,  muriate  of  soda,  phosphate  and  carbonate  of  lime, 
and  a  matter  like  curd  which  gives  it  a  milky  appearance. 
That  of  the  cow  was  said  by  the  same  chemist  to  contain  a 
peculiar  acid,  which  has  since  been  recognized  as  belonging  to 
the  allantois.  (Page  879.)  Dr.  Prout  found  some  sugar  of 
milk  in  the  amnios  of  a  woman.     (An.  of  Phil.  v.  417.) 

Humours  of  the  Ei/e» — The  aqueous  and  vitreous  humours 
of  the  eye  contain  rather  more  than  80  per  cent  of  water. 
The  other  constituents  are  a  small  quantity  of  albumen,  mu- 
riate and  acetate  of  soda,  pure  soda,  though  scarcely  sufficient 
to  affect  the  colour  of  test  paper,  and  animal  matter  soluble 
only  in  water,  but  which  is  not  gelatine.  (Berzelius.)  The 
crystalline  lens,  besides  the  usual  salts,  contains  36  per  cent 
of  a  peculiar  animal  matter,  very  analogous  to  albumen  if  not 
identical  with  it.  In  cold  water  it  is  soluble,  but  is  coagu- 
lated by  boiling.  The  coagulum,  according  to  Berzelius, 
has  all  the  properties  of  the  colouring  matter  of  the  blood 
excepting  its  colour. 
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KTvation.     Tbeae  Mbstuioea  may  eMly  be  Kpanted  fron    \ 
each  other  hy  boiling  alcohol,  which  dissoWeii  tlie  cbolesterine,    ' 
and  Wtcb  the  odouring  matter;  or  by  digestioa  in  dilute 
potash,  in  which  the  colouring  matter  is  dissolved,  while  tbe 
cbulesterioe  is  ioKtluble. 

Gall<stones  sometinies  contain  a  portion  of  inspissated 
bile ;  and  in  some  rare  instances  tbe  choksterine  is  entirdy 
wanting. 

The  concretions  found  in  the  gall-bladder  of  the  ox  condst 
almost  entirely  of  tbe  yellow  biliary  colouring  matter,  wbich, 
from  the  beauty  and  permanence  of  its  tint,  is  much  ralued 
by  painters.  This  substance  is  readily  distinguished  by  its  4 
yellow  or  brown  colour,  by  insolubility  in  water  and  alcohol,  , 
and  by  being  readily  dissolved  by  a  solution  of  potash.  Tbe 
solution  has  at  first  a  yellowish-brown  colour,  wbich  gradually 
acquires  a  green  tint,  and  is  precipitated  in  green  flocks  by 
muriatic  acid.  According  to  tbe  observations  of  Tiedemann 
and  Omelin,  tbe  colouring  mattn  jk  influenced  by  the  presence 
of  oxygen  gas.  The  ydlowish  precipitate,  occasioned  by 
adding  muriatic  acid  to  bile,  absorbs  oxygen  by  exposure  to 
the  air,  and  its  colour  changes  to  green.  The  action  of  nitric 
acid  is  still  man  remarkable.  By  successive  additions  of 
this  add,  the  tint  of  the  colouring  matter  may  be  converted 
into  green,  blue,  violet,  and  red,  in  the  course  of  a  few 
seconds. 
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is  coagulated,  both  when  softened  by  the  absorption  of  water, 
and  when  dissolved  either  in  an  acid  or  an  alkali. 

Pus, — Purulent  matter  is  the  fluid  secreted  by  an  inflamed 
and  ulcerated  surface.  Its  properties  vary  according  to  the 
nature  of  the  sore  from  which  it  is  discharged.  The  purulent 
matter  formed  by  an  ill-conditioned  ulcer  is  a  thin,  transpa- 
rent, acrid,  fetid  ichor ;  whereas  a  healing  sore  in  a  sound 
constitution  yields  a  yellowish-white  coloured  Uquid,  of  the 
consistence  of  cream,  which  is  described  as  bland,  opaque, 
and  inodorous.  This  is  termed  healthy  pus,  and  is  possessed 
of  the  following  properties.  Though  it  appears  homogeneous 
to  the  naked  eye,  when  examined  with  the  microscope  it  is 
found  to  consist  of  minute  globules  floating  in  a  transparent 
liquid.  Its  specific  gravity  is  about  I'OS.  It  is  insoluble  in 
water ;  and  it  is  thickened,  but  not  dissolved,  by  alcohoL 
When  recent  it  does  not  affect  the  colour  of  teat  paper ;  but  by 
exposure  to  the  air  it  becomes  acid.  The  dilute  acids  have 
little  effect  upon  it ;  but  strong  sulphuric,  nitric,  and  muri- 
atic acids  dissolve  it,  and  the  pus  is  thrown  down  by  dilution 
with  water.  Ammonia  reduces  it  to  a  transparent  jelly,  and 
gradually  dissolves  a  considerable  portion  of  it  With  the 
fixed  alkalies  it  forms  a  whitish  ropy  fluid,  which  is  decom- 
posed by  water. 

The  composition  of  pus  has  not  been  ascertained  with  pre- 
cision ;  but  its  characteristic  ingredient  is  more  closely  allied 
to  albumen  than  the  other  animal  principles. 

Several  attempts  have  been  made  to  discover  a  chemical 
test  for  distinguishing  pus  from  mucus.  When  these  fluids 
are  in  their  natural  state,  the  appearance  of  each  is  so  charac- 
teristic that  the  distinction  cannot  be  attended  with  any  diffi- 
culty ;  but  on  the  contrary,  when  a  mucous  surface  is  in- 
flamed, its  secretion  becomes  opaque,  and,  as  sometimes  hap- 
pens in  some  pulmonary  diseases,  acquires  more  or  less  ot  the 
aspect  of  pus.  Mr.  Charles  Dar?rin,  who  examined  this  sub- 
ject, pointed  out  three  grounds  of  distinction  between  them. 
1.  When  the  solution  of  these  liquids  in  sulphuric  acid  is 
diluted,  the  pus  subsides  to  the  bottom,  and  the  mucus  re^ 
mains  suspended  in  the  water.  2.  When  pus  and  catarrhal 
mucus  are  diffused  through  water,  the  former  sinks,  and  tbe 
latter  floats.  3.  Pus  is  precipitated  from  its  solution  in 
potash  by  water,  while  the  solution  of  mucus  is  not  decom- 
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Milk. — This  well-known  fluid,  secreted  by  the  females  oF 
the  class  mammalia  for  the  nourishment  of  their  young,  con- 
sists of  three  distinct  parts,  the  cream,  curd,  and  whey,  into 
which  by  repose  it  spontaneously  separates.  The  cream, 
which  collects  upon  its  surface,  is  an  unctuous  yellowish- 
white  opaque  fluid,  of  an  agreeable  flavour.  According  to 
Berzelius  100  parts  of  cream,  of  specific  gravity  1*0344,  con- 
sists of  butter  4-5,  caseous  matter  3-5,  and  whey  92.  By 
agitation,  as  in  the  process  of  churning,  the  butter  assumes  the 
solid  form,  and  is  thus  obtained  in  a  separate  state.  During 
the  operation  there  is  an  increase  of  temperature  amounting 
to  about  three  or  four  degrees,  oxygen  gas  id  absorbed,  and 
an  acid  is  generated ;  but  the  absorption  of  oxygen  cannot  be 
an  essential  part  of  the  process,  since  butter  may  be  obtained 
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especially  by  the  nature  and  quantity  of  the  liquids  received 
into  the  stomach  ;  but  on  an  average  a  healthy  person  Toids 
between  thirty  and  forty  ounces  daily.  The  quality  of  this 
fluid  is  likewise  influenced  by  the  same  circumstances,  being 
sometimes  in  a  very  dilute  state,  and  at  others  highly  concen- 
trated. The  urine  voided  in  the  morning  by  a  person  who 
has  fed  heartily,  and  taken  no  more  fluids  than  is  sufficient 
for  satisfying  thirst,  may  be  regarded  as  aflbrding  the  best 
specimen  of  natural  healthy  urine. 

The  urine  in  this  state  is  a  transparent  limpid  fluid  of  an 
amber  colour,  having  a  saline  taste,  and  while  warm  emitting 
an  odour  which  is  slightly  aromatic,  and  not  at  all  disagree- 
able. Its  specific  gravity  in  its  most  concentrated  form  is 
about  1*030.  It  gives  a  red  tint  to  litmus  paper,  a  circum- 
stance which  indicates  the  presence  either  of  a  free  acid  or  of 
a  super-salt.  Though  at  first  quite  transparent,  an  insoluble 
matter  is  deposited  on  standing;  so  that  urine,  voided  at 
night,  is  found  to  have  a  light  doud  floating  in  it  by  the  f<d- 
lowing  morning.  This  substance  consists  in  part  of  mucus 
from  the  urinary  passages,  and  partly  of  super-urate  of  am- 
monia, which  is  much  more  soluble  in  warm  than  in  cold 
water. 

The  urine  is  very  prone  to  spontaneous  decomposition. 
When  kept  for  two  or  three  days  it  acquires  a  strong  urinous 
smell;  and  as  the  putrefaction  proceeds,  the  dis^ieeahle 
odour  increases^  until  at  length  it  becomes  exceedingly  ofl'en- 
sive.  As  soon  as  these  changes  commence,  the  urine  ceases 
to  have  an  acid  reaction,  and  the  earthy  phosphates  are  depo- 
sited. In  a  short  time,  a  free  alkali  makes  its  appearance, 
and  a  large  quantity  of  carbonate  of  ammonia  is  graduaUjr 
generated.  Similar  changes  may  be  produced  in  recent  urine 
by  continued  boiling.  In  both  cases  the  phenomena  are 
owing  to  the  decomposition  of  urea,  which  is  almost  entirely 
resolved  into  carbonate  of  ammonia. 

The  composition  of  the  urine  has  been  studied  by  several 
chemists,  but  the  most  recent  and  elaborate  analysis  of  this 
fluid  is  by  Berzelius.  According  to  the  researches  of  this  in- 
defatigable chemist,  1000  parts  of  urine  are  composed  of 

Water,  ......        933-00 
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jamy  be  adTanUgeousIy  employed  in  a  commercial  point  of 
vieir.  Its  adheuTeness  fits  it  as  a  cement  for  glass,  porcelain, 
wood,  and  paper.  Its  solution,  flavoured  with  sugar  and 
aromaticft,  may  be  serviceable  to  convalescents  as  an  article  of 
food.  It  may  be  taken  in  its  dry  state  in  long  voyages, 
forming  tt^ther  wilb  water,  butter,  and  sugar,  an  excellent 
substitute  for  milk.     (An.  de  Ch-  et  Ph.  xliii.  337.) 

Caseum  is  commonly  considered  to  have  a  close  resemblance 
to  animal  albumen,  and  the  analogy  is  supported  by  iu  being 
coagulated  by  acids.  In  other  respects,  if  the  remarks  of 
Braconnot  prove  cMrect,  it  resembles  gum  rather  than  albu- 
men. It  differs  from  both,  however,  in  the  nature  of  the 
spontaneous  chauges  to  which  it  is  subject ;  for  when  kept  in 
a  moist  slate,  it  undergoes  a  species  of  fermentation  precisely 
analogous  to  that  experienced  by  gluten  under  the  same  cii^ 
cumstances.  (Page  831.)  The  accuracy  of  the  remarks  made 
by  Proust  (m  this  subject  has  been  questioned  by  Braconnot. 
(Brewster's  Journal,  viii.  369-)  The  Utter  sUtes  that  in  his 
experiments  the  curd  from  spontaneously  coagulated  skim 
milk,  covered  with  water,  and  kept  at  a  temperature  of  about 
7fi°  F,  und»?went  complete  putrefaction  in  the  space  of  a 
month.  The  soluble  parts  were  then  filtered,  and  by  evapo- 
ration yielded  a  product  of  a  very  fetid  odour,  acetate  of  am- 
monia,  and  acetic  acid.  The  residue,  after  being  reduced  to 
the  consistence  of  syrup,  concreted  on  cooling  into  a  granuliu 
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this  acid  subsides  slowly  from  a  state  of  solution ;  but,  oa 
the  contrary,  if  no.  free  acid  is  added,  an  amorphous  sedi* 
ment,  which  Dr.  Prout  regards  as  super-urate  of  ammonia,  is 
obtained. 

Such  is  a  general  view  of  the  composition  of  human  urine 
in  its  natural  healthy  state.  But  this  fluid  is  subject  to  a 
great  variety  of  morbid  conditions,  which  arise  either  from 
the  deiSciency  or  excess  of  certain  principles  which  it  ought 
to  contain,  or  from  the  presence  of  others  wboUy  foreign  to 
its  composition.  As  the  study  of  these  affSections  affords  an 
interesting  example  of  the  application  of  chemistry  to  patho- 
logy and  the  practice  of  medicine,  I  shall  briefly  mention  some 
of  the  most  important  morbid  states  of  this  fluid,  referring  for 
more  ample  details  to  the  excellent  treatise  of  Dr.  Prout.* 

Of  the  substances  which,  though  naturally  wanting,  are 
sometimes  contained  in  the  urine,  the  most  remarkable  is 
sugar,  which  is  secreted  by  the  kidneys  in  diabetes.  (Page 
876.)  Diabetic  urine  has  a  sweet  taste,  and  yields  a  syrup 
by  evaporation,  is  almost  always  of  a  pale  straw  colour,  and  in  ! 

general  has  a  greater  specific  gravity  than  ordinary  urine.  It 
contains  a  remarkably  small  proportion  of  azotized  substances, 
so  that  it  has  no  tendency  to  putrefy;. but  the  presence  of 
sugar  renders  it  susceptible  of  undergoing  the  vinous  fer- 
mentation. I 
•  The  acidifying  process  which  is  constantly  going  forward  in  I 
the  kidneys,  as  evinced  by  the  formation  of  sulphuric,  plio». 
phoric,  and  uric  acids,  sometimes  proceeds  to  a  morbid  extent, 
in  consequence  of  which  two  acids,  the  oxalic  and  nitric,  are 
generated,  neither  of  which  exists  in  healthy  urine.  Tbe 
former,  by  uniting  with  lime,  gives  rise  to  one  of  the  worst 
kinds  of  urinary  concretions ;  and  the  latter,  in  the  opinion  of 
Dr.  Prout,  leads  to  the  production  of  purpurate  of  ammonia, 
by  reacting  on  uric  acid. 

In  severe  cases  of  jaundice  the  bile  passes  from  the  Uood 
into  the  kidneys,  and  communicates  a  yellow  colour  to  the 
urine.  The  most  delicate  test  of  its  presence  is  muriatic  acid, 
which  causes  a  green  tint. 

Though  albumen  is  contained  in  very  minute  quantity  in 
healthy  urine,  in  some  diseases  it  is  present  in  large  propor- 
tion.    According  to  Dr.  Blackall  it  is  characteristic  of  certain 

*  Inquiry  into  the  Nature  and  Treatment  of  Gravel,  Calculus,  &.c. 
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come  lighter  after  a  time,  in  consequence  of  water  evaporat- 
inj(  through  the  pores  of  the  shell,  and  air  being  Bubstituted 
for  it.  Ad  ^g  of  ordinary  size  yields  to  boiling  water  about 
three-tenths  of  a  grain  of  saline  matter,  consisting  of  the  sul- 
phates, carbonates,  and  phosphates  of  lime  and  magnesia, 
bother  with  animal  matter  and  a  little  free  alkali. 

Of  an  ^g  which  weighs  1000  grains,  the  shell  constitutes 
106-9,  the  white  604*3,  and  the  yelk  288-9  grains.  The  shell 
contains  about  two  per  cent  of  animal  matter,  one  per  cent  of 
the  phosphates  of  lime  and  magnesia,  and  the  residue  is  car- 
bonate of  lime  with  a  little  carbonate  of  magnesia. 

When  the  yelk  of  a  hard  boiled  egg  is  repeatedly  digested 
in  alcohol  of  specific  gravity  0*807,  until  that  fluid  comes  off 
colourless,  there  remains  a  white  pulverulent  residuum,  pos- 
sessed of  many  of  the  properties  of  albumen,  but  distinguished 
from  that  principle  by  containing  a  large  quantity  of  phos. 
phorus  in  some  unknown  state  of  combinalioo.  The  alcoholic 
solution  is  of  a  deep  yellow  colour,  and  on  cooling  deposits 
crystals  of  a  sebaceous  matter,  and  a  portion  of  yellow  semi- 
fiuid  oil.  On  distilling  off  the  alcohol,  the  oil  is  left  in  a 
separate  state.  When  the  yelk  is  dried  and  burned,  the 
phosphorus  is  converted  into  phosphoric  acid,  which,  melting 
into  a  glass  upou  the  surface  of  the  charcoal,  protects  it  from 
complete  combustion.  In  the  white  of  the  egg,  which  consists 
chiefly  of  albumen,  sulphur  is  present. 
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crystals  only  after  an  interval  of  half  an  hour ;  but  the  nitrate 
crystallizes  within  that  interval  when  the  urea  is  in  excess. 

An  unusually  abundant  secretion  of  uric  acid  is  a  circum- 
stance by  no  means  uncommon.  In  some  instances  this  acid 
makes  its  appearance  in  a  free  state ;  but  happily  it  generally 
occurs  in  combination  with  an  alkali,  especially  with  soda  or 
ammonia.  As  the  urates  are  much  more  soluble  in  warm  than 
in  cold  water,  the  urine  in  which  they  abound  is  quite  clear  at 
the  moment  of  being  voided,  but  deposits  a  copious  sediment 
in  cooling.  The  undue  secretions  of  these  salts,  if  temporary, 
occasions  scarcely  any  inconvenience,  and  arises  from  such 
slight  causes,  that  it  frequently  takes  place  without  being  no- 
ticed. This  affection  is  generally  produced  by  errors  in  diet, 
whether  as  to  quantity  or  quality,  and  by  all  causes  which  in- 
terrupt the  digestive  process  in  any  of  its  stages,  or  render  it 
imperfect.  Dr.  Prout  specifies  unfermented  heavy  bread,  and 
hard  boiled  puddings  or  dumplings,  as  in  particular  disposing 
to  the  formation  of  the  urates.  These  sediments  have  com- 
monly a  yellowish  tint,  which  is  communicated  by  the  colour- 
ing matter  of  the  urine ;  or  when  they  are  deposited  in  fevers, 
forming  the  lateritious  sediment,  they  are  red,  in  consequence 
of  the  colouring  matter  of  the  urine  being  then  more  abundant. 
In  fevers  of  an  irritable  nftture,  as  in  hectic,  the  sediment  has 
a  pink  colour,  which  is  ascribed  by  Dr.  Prout  to  the  pre- 
sence of  purpurate  of  ammonia,  and  by  Proust  to  rosadc  add. 
(Page  877.) 

So  long  as  uric  add  remains  in  combination  with  a  base,  it 
never  yields  a  crystalline  deposite ;  but  when  this  add  is  in 
excess  and  in  a  free  state^  its  very  sparing  solubility  causes  it 
to  separate  in  minute  crystals,  even  within  the  bladder,  giving 
rise  to  two  of  the  most  distressing  complaints  to  which  human 
nature  is  subject, — to  gravel  when  the  crystals  are  detached 
from  one  another,  and  when  agglutinated  by  animal  matter  into 
concrete  masses,  to  the  disease  called  the  stone.  These  diseases 
may  arise  dther  from  uric  acid  being  directly  secreted  by  the 
kidneys,  or,  as  Dr.  Prout  suspects,  from  the  formation  of  some 
other  add,  by  which  the  urate  of  ammonia  is  decomposed. 
The  tendency  of  urine  to  contain  free  acid  occurs  most  fre- 
quently in  dyspeptic  persons  of  a  gouty  habit,  and  is  fami- 
liarly known  by  the  name  of  the  uric  or  lithic  add  diatheds. 
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The  tears  are  limpid  and  of  a  saline  taste,  dissolve  freely  in 
water,  and,  owing  to  the  presence  of  free  soda,  communicate 
a  green  tint  to  the  hlue  infusion  of  violets.  Their  cbief  sails 
are  the  muriate  and  phosphate  of  soda.  According  to  Four- 
croy  and  Vatiquelin  the  animal  matter  of  the  tears  is  mucus ; 
but  it  is  more  probably  either  albumen,  or  some  analt^us 
principle.  Its  precise  nature  has  not  however  been  satisfac- 
torily determined. 

Mucui. — The  term  mucus  has  been  employed  in  very  dif- 
ferent  significations.  Dr.  Bostock  applies  it  to  a  peculiar 
animal  matter  which  is  soluble  both  in  hot  and  cold  water,  is 
not  precipitated  by  corrosive  sublimate  or  solution  of  tannin, 
is  not  capable  of  forming  a  jelly,  and  which  yields  a  precipi- 
tate with  sub-acetate  of  lead.  The  existence  of  this  principle 
has  not,  however,  been  fully  established;  for  the  presence  of 
muriatic  and  phosphoric  acids,  the  latter  of  which  is  fre- 
quently contained  in  animal  fluids,  and  the  former  scarcely 
ever  absent,  sufBciently  accounts  for  the  precipitates  occa- 
sioned in  them  by  the  salts  of  lead  or  silver.  But  even  sup- 
posing the  opinion  of  Dr.  Bostock  to  be  correct,  it  would  be 
advisable  to  give  some  new  name  to  bis  principle,  and  apply 
the  term  mucui  solely  to  the  fluid  secreted  by  mucous  sur- 
faces. 

Tbe  properties  of  mucus  vary  somewhat  according  to  the 
source  from  which  it  is  derived ;  but  its  leading  characters 
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centrically  around  a  central  nucleus,  the  laminae  being  distin- 
guished from  each  other  by  a  slight  difference  in  colour,  and 
sometimes  by  the  interposition  of  some  other  substance. 

This  species  is  readily  distinguished  by  the  following  cha- 
racters. It  is  very  sparingly  soluble  in  water  and  muriatic 
acid.  Digested  in  pure  potash  it  quickly  disappears,  and  on 
adding  an  acid  to  the  solution,  the  uric  acid  is  precipitated. 
It  is  dissolved  with  effervescence  by  nitric  acid,  and  the  solu- 
tion yields  purpurate  of  ammonia  when  evaporated.  Be- 
fore the  blow-pipe  it  becomes  black,  emits  a  peculiar  animal 
odour,  and  is  gradually  consumed,  leaving  a  trace  of  white 
ash,  which  has  an  alkaline  reaction. 

As  a  variety  of  this  species  may  be  mentioned  urate  of  am- 
monia, a  rare  kind  of  calculus  first  noticed  by  Fourcroy. 
Mr.  Brande  and  Dr.  Marcet  expressed  a  doubt  of  its  ever 
forming  an  independent  concretion  ;  but  its  existence,  as  such, 
has  been  established  by  Dr.  Prout  The  calculus  of  urate  of 
ammonia  has  the  same  general  chemical  characters  as  that 
composed  of  uric  acid,  from  which  it  is  distinguished  by  its 
solubility  in  boiling  water,  when  reduced  to  powder,  and  by 
its  solution  in  potash  being  attended  with  the  disengagement 
of  ammonia.  It  deflagrates  remarkably  before  the  blow-pipe. 
(Med.  Chir.  Trans,  x.  389) 

2.  The  bone  earth  calculus,  first  correctly  analyzed  by  Dr. 
Wollaston,  consists  of  phosphate  of  lime.  The  surface  of 
these  calculi  is  of  a  pale  brown  colour,  and  quite  smooth  as  it 
it  had  been  polished.  When  sawed  through  the  middle, 
they  are  found  to  be  laminated  in  a  very  regular  manner,  and 
the  layers  in  general  adhere  so  slightly  that  they  may  be 
separated  with  ease  into  concentric  crusts.  Dr.  Yellowly,  in 
several  bone-earth  concretions,  has  detected  small  quantities 
of  carbonate  of  lime,  which  appears  to  have  been  overlooked 
by  others. 

This  calculus,  when  reduced  to  powder,  dissolves  with 
facility  in  dilute  nitric  or  muriatic  acid,  but  is  insoluble  in 
potash.  Before  the  blowpipe  it  first  assumes  a  black  colour, 
from  the  decomposition  of  a  little  animal  matter,  and  then 
becomes  quite  white,  undergoing  no  further  change  unless 
the  heat  be  very  intense,  when  it  is  fused. 

3.  Phosphate  of  ammonia  and  magnesia  was  first  described 
as  a  constituent  of  urinary  calculi  by  Dr.  Wollaston.      It 
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posed  by  similar  treatment.  Dr>  Tliomson,  ia  his  Byslem  of 
chemiatry,  has  given  the  following  test  on  the  authority  of 
Grasmeyer.  The  lubatance  to  he  examined,  after  being  tritu- 
rated with  its  own  weight  of  water,  is  mixed  with  an  equal 
quantity  of  a  saturated  solution  of  carbonate  of  potash.  If  it 
contain  pus,  a  transparent  jelly  forms  in  a  few  hours ;  but 
this  does  not  happen  if  mucus  only  is  present.  Dr.  Young, 
in  his  work  on  Consumptive  Diseases,  has  given  a  very 
el^ant  character  for  distinguishing  pus,  founded  on  its  opti- 
cal properties.  But  the  practical  utility  of  tests  of  any  kind 
is  rendered  very  questionable  by  the  fact  that  inflamed  mu- 
cous membranes  may  secrete  genuine  pus  without  breach  of 
surface,  and  that  the  natural  passes  into  purulent  secretioa 
by  insensible  shades. 

Sweat. — Watery  vapour  is  continually  passing  off  by  the 
skin  in  the  form  of  insensible  perspiration  ;  but  when  the  ex- 
ternal heat  is  considerable,  or  violent  bodily  exercise  is  taken, 
drops  of  fluid  collect  upon  the  surface,  and  constitute  what  is 
called  sweat.  This  fluid  consists  chiefly  of  water;  but  it 
contains  some  muriate  of  soda  and  free  acetic  acid,  in  con- 
sequence of  which  it  has  a  saline  taste  and  an  acid  reaction. 
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stance  which  distinguishes  it  from  the  ammoniaco-mag] 
phosphate  ;  and  it  is  distinguished  from  phosphate  of  lime  by 
being  insoluble  in  phosphoric  acid. 

6.  The  cystic  oxide  was  described  by  its  discoverer  Dr. 
Wollaston  in  the  Philosophical  Transactions  for  1810.  This 
concretion  is  not  laminated,  but  appears  as  one  uniform 
mass,  confusedly  crystallized  through  its  whole  substance, 
having  somewhat  the  appearance  of  the  ammoniaco-magnesian 
phosphate,  though  more  compact.  Before  the  blowpipe  it 
emits  a  peculiarly  fetid  smell,  quite  distinct  from  that  of  uric 
acid,  and  is  consumed.  It  is  characterized  by  the  great  va- 
riety of  reagents  in  which  it  is  soluble.  It  is  dissolved  abun- 
dantly by  the  muriatic,  nitric,  sulphuric,  and  oxaUc  adds ;  by 
potash,  soda,  ammonia,  and  lime-water;  and  even  by  the 
neutral  carbonates  of  soda  and  potash.  It  is  insoluble  in 
water,  alcohol,  bi-carbonate  of  ammonia,  and  in  the  tartaric, 
citric,  and  acetic  acids. 

From  the  similarity  which  this  substance  bears  to  certain 
oxides  in  uniting  both  with  acids  and  alkalies.  Dr.  Wollaston 
termed  it  an  oxide,  and  gave  it  the  name  of  cystic^  on  the 
supposition  of  its  being  peculiar  to  the  bladder.  Dr.  Marcet, 
however,  has  found  it  in  the  kidney. 

Cystic  oxide  is  a  rare  species  of  calculus.  In  this  country 
seven  specimens  only  have  been  found ; — two  by  Dr.  Wol- 
laston, two  by  Dr.  Henry,  and  three  by  Dr.  Maroet :  Pro- 
fessor Stromeyer  has  met  with  two  instances  of  it  in  one 
family,  and  in  one  of  the  cases  the  cystic  oxide  was  also  de- 
tected in  the  urine.  M.  Lassaigne  has  likewise  found  it  in  a 
stone  taken  from  the  bladder  of  a  dog.  From  the  analysis  of 
this  chemist,  100  parts  of  cystic  oxide  are  composed  of  carbon 
36*2,  hydrogen  12*8,  oxygen  17,  and  nitrogen  34. 

Dr.  Prout  found  the  urine,  during  the  formation  of  cystic 
oxide  calculus,  to  have  a  density  varying  from  1020  to  1022, 
to  be  rather  abundant,  faintly  acid,  of  a  yellowish  green  colour 
and  peculiar  odour,  and  to  contain  very  little  uric  add  and 
urea.  A  greasy  looking  film  of  cystic  oxide  collected  on  its 
face,  and  a  copious  pale  precipitate  was  thrown  down  by  bi- 
carbonate of  ammonia,  consisting  of  cystic  oxide  and  the  am- 
rooniaco-magnesian  phosphate.  The  cystic  oxide  was  also  pre- 
cipitated by  acetic  acid.    Dr.  VenaJbles  has  examined  the 
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Frw  lactic  icid,  I»;l>te  of  : 

unmoaU.  and  animal 

■epanble  from  them, 

MucuiofthebUdder 

Sulphite  of  potuh,       . 

Sulphate  of  (od>. 

PbosphaleaTiadi, 

PhuphXaafunmoDU, 

MunataofaodB, 

Muriate  of  imiDonia, 

Earth;  uutlen,  with  a  lrac« 

lofBualeoflime. 

SilinouiMfth,     . 

Besides  the  ingredients  included  in  the  preceding  list,  the 
urine  contains  several  other  substances  in  small  quantity. 
From  the  property  this  fluid  possesses  of  blackening  silver 
vessels  in  which  it  is  evaporated,  owing  to  the  formation  of 
sulphuret  of  silver,  Proust  inferred  the  presence  of  unoxi- 
dized  sulphur;  and  Dr.  Prout,  from  the  odour  of  phosphu- 
retted  hydrogen,  which  he  thinks  he  has  perceived  in  putrefy- 
ing urine,  suspects  that  phosphorus  is  likewise  present.  The 
urine  also  contains  a  peculiar  yellow  colouring  matter  which 
has  not  hitherto  been  obtained  in  a  separate  state.  From  the 
precipitate  occasioned  in  urine  by  the  infusion  of  gall-nuts, 
the  presence  of  gelatine  has  been  inferred ;  but  this  effect  ap- 
pears owing  to  the  presence  not  of  gelatine  but  of  a  small  por- 
tion of  albumen. 

According  to  Scheele,  the  urine  of  infants  sometimes  con- 
tains benzoic  acid,  a  compound  which,  when  present,  may  be 
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SECTION  VI. 

ON  THE  SOLID  PARTS  OF  ANIMALS. 

BONE,    HORN,    MEMBRANES,    TENDONS,   LIGAMENTS, 

MUSCLES,   ETC. 

BoNBS  consist  of  earthy  salts  and  animal  matter  intimately 
blended,  the  former  of  which  are  designed  for  giving  solidity 
and  hardness,  and  the  latter  for  agglutinating  the  earthy  par- 
ticles. The  animal  substances  are  chiefly  cartilage,  gelatine^ 
and  a  peculiar  fatty  matter  called  marrow.  On  reducing 
bones  to  powder,  and  digesting  them  in  water,  the  fat  rises 
and  swims  upon  its  surface,  while  the  gelatine  is  dissotved. 
By  digesting  bones  in  dilute  muriatic  acid,  the  earthy  salts 
are  dissolved,  and  a  flexible  mass  remains  which  retains  the 
original  figure  of  the  bone,  and  consists  of  gelatine  and  carti- 
lage :  the  former  is  by  far  the  most  abundant,  since  nearly 
the  whole  may  be  dissolved  in  boiling  water,  and  yields  a  so- 
lution possessed  of  all  the  properties  of  gelatine.  The  resi- 
dual cartilage  appears  identical  with  coagulated  albumen. 
The  animal  matter  of  bones  is  formed  before  the  earthy  mat- 
ter, and  constitutes  the  nidus  in  which  the  latter  is  deposited. 

When  bones  are  heated  in  close  vessels,  a  large  quantity 
of  carbonate  of  ammonia,  some  fetid  empyreumatic  ofl,  and 
the  usual  inflammable  gases,  pass  over  into  the  recifnent; 
while  a  mixture  of  charcoal  and  earthy  matter,  called  animal 
charcoal,  remains  in  the  retort.  If,  on  the  contrary,  tbey  are 
heated  to  redness  in  an  open  fire,  the  charcoal  is  consumed^ 
and  a  pure  white  friable  earth  is  the  sole  residue. 

According  to  the  analysis  of  Berzelius,  100  parts  of  dry 
human  bones  consist  of  animal  matters  33*3,  phosphate  of 
lime  51 04,  carbonate  of  lime  11*30,  fluate  of  lime  2,  phos- 
phate of  magnesia  1*16,  and  soda,  muriate  of  soda,  and 
water  1*2.  Mr.  Hatchet t  found,  also,  a  small  qtumtity  of 
sulphate  of  lime ;  and  Fourcroy  and  Vauquelin  discovered 
traces  of  alumina,  silica,  and  the  oxides  of  iron  and  man- 
ganese. 

Teeth  are  composed  of  the  same  materials  as  bone ;  but  the 
enamel  dissolves  completely  in  dilute  nitric  acid,  and  there- 
fore is  free  from  cartilage.     From  the  analysis  of  Mr.  Pepys, 
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kinds  of  dropsy,  accompanied  with  an  inflammatory  diathesis, 
SB  in  that  which  supervenes  in  scarlet  fever ;  and  Dr.  Prout 
has  described  two  cases  of  alhuminous  urine,  in  which,  with- 
out any  fehrile  symptoms,  albumen  existed  in  such  quantity 
that  spontaneous  coagulation  took  place  within  the  bladder. 
From  the  Medical  Reports  lately  published  by  Dr.  Bri^t, 
it  appears  that  dropsical  effusions  are  sometimes  owing  to  an 
inflammatory  or  diseased  state  of  the  kidneys;  and  in  these 
cases  the  urine  commonly  contains  so  much  albumen  as  to  be 
rendered  turbid  by  heat.  So  regular  indeed  is  its  occurrence> 
that  Dr.  Bright  considers  albuminous  urine,  in  dropsical  p»< 
tients,  to  be  a  sign  of  renal  disease. 

In  the  blood  of  patients  suffering  under  this  malady,  Dr. 
BoBtock  delected  a  crystalline  substance  resembling  urea ;  and 
Dr.  Christison,  pursuing  the  inquiry,  obtained  urea  with  all 
its  characteristic  properties.  (Edinb.  Med.  and  Surg.  Joum. 
Oct.  1829.) 

In  certain  states  of  the  system  urea  is  generated  in  an  un- 
usually small  proportion.  This  occurs  especially  in  diabeUi 
mtUitui,  and  in  acute  and  chronic  inflammation  of  the  liver, 
diseases  in  which  urea  is  said  sometimes  to  be  wholly  want- 
ing; but  the  experience  of  Dr.  Prout  has  led  him  to  doubt 
if  it  is  ever  entirely  absent.  Dr.  Henry  has  shown  that 
urea,  when  mixed  with  a  considerable  proportion  of  sugar, 
cannot  be  discovered  by  the  usual  test  of  nitric  acid ;  and, 
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The  flesh  of  animalg,  or  muscUj  consists  essentially  of 
fibrin ;  but  independently  of  this  principle,  it  contains  several 
other  ingredients,  such  as  albumen,  gelatine,  a  peculiar  ex- 
tractive matter  called  osmazome,  fat,  and  salts,  substances 
which  are  chiefly  derived  from  the  blood,  vessels,  and  cellular 
membrane,  dispersed  through  the  muscles.  On  macerating 
flesh,  cut  into  small  fragments,  in  successive  portions  of  cold 
water,  the  albumen,  osmazome,  and  salts  are  dissolved ;  and 
on  boiling  the  solution,  the  albumen  is  coagulated.  From 
the  remaining  liquid,  the  osmazome  may  be  procured  in  a 
separate  state  by  evaporating  to  the  consistence  of  an  extract, 
and  treating  it  with  cold  alcohol.  By  the  action  of  boiling 
water,  the  gelatine  of  the  muscle  is  dissolved,  the  fat  melts 
and  rises  to  the  surface  of  the  water,  and  pure  fibrin  remains* 

The  characteristic  odour  and  taste  of  soup  b  owing  to 
the  osmazome.  This  substance  is  of  a  yellowish-brown  co- 
lour, and  is  distinguished  from  the  other  animal  principles  by 
solubility  in  water  and  alcohol,  whether  cold  or  at  a  boiling 
temperature,  and  by  not  forming  a  jelly  when  its  solution  is 
concentrated  by  evaporation.  Like  gelatine  and  albumen  it 
yields  a  precipitate  with  infusion  of  gall-nuts. 

The  substance  of  the  brain,  nerves,  and  spinal  marrow  dif- 
fers from  that  of  all  other  animal  textures.  The  most  elabo- 
rate analysis  of  cerebral  matter  is  by  Vauquelin,  who  found 
that  100  parts  of  it  consist  of  water  80,  album^i  7,  white 
fatty  matter  4*53,  red  fatty  matter  0*70,  osmazome  1*12, 
phosphorus  1*5,  and  acids,  salts,  and  sulphur  5*15.  (An- 
nals of  Phil,  i.)  The  presence  of  albumen  accounts  for  the 
partial  solubility  of  the  brain  in  cold  water,  and  for  the  solu^ 
tion  being  coagulated  by  heat,  acids,  alcohol,  and  by  the  me- 
tallic salts  which  coagulate  other  albuminous  fluids.  By  act- 
ing upon  cerebral  matter  with  boiling  alcohol,  the  fatty  prin- 
ciples and  osmazome  are  dissolved,  and  the  solution  in  cool- 
ing deposits  the  white  fatty  matter  in  the  form  of  crystalline 
plates.  On  expelling  the  alcohol  by  evaporation,  and  treat- 
ing the  residue  with  cold  alcohol,  the  osmazome  is  taken  up, 
and  a  fixed  oil  remains  of  a  reddish  brown  colour,  and  an 
odour  like  that  of  the  brain  itself,  though  much  stronger. 
These  two  species  of  fat  difler  little  from  each  other,  and 
both  yield  phosphoric  acid  when  deflagrated  with  nitre. 
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In  these  indlTiduals  the  disposition  to  undue  addity  of  the 
urine  is  superadded  to  that  state  of  the  system  which  leads  to 
an  unusual  supply  of  the  urates. 

A  deficiency  of  acid  in  urine  is  not  leas  injurious  than 
its  excess.  As  phosphate  of  lime  in  its  neutral  state  is  in- 
soluble in  water,  this  salt  cannot  be  dissolved  in  urine  except 
by  being  in  the  form  of  a  superphosphate.  Hence  it  happens 
that  healthy  urine  yields  a  precipitate,  when  it  is  neutralized 
by  an  alkali ;  and  if,  by  the  indiscriminate  employment  of 
alkaline  medicines,  m  from  any  other  cause,  the  urine,  while 
yet  within  the  bladder,  is  rendered  neutral,  the  earthy  f^os- 
phales  are  necessarily  deposited,  and  an  opportunity  aSbrded 
for  the  formation  of  a  stone. 

URINARY  CONCRBTIONS. 
The  first  step  towards  a  knowledge  of  urinary  calculi  was 
made  in  the  year  1776  by  Scheele,  who  showed  that  many  of 
the  concretions  formed  in  the  bladder  oondst  of  uric  or  litliic 
acid.  The  subject  was  afterwards  successfully  investigated 
by  Drs.  Wollaston  and  Pearson  in  this  country,  and  by  Four- 
croy  and  Vauqudin  in  France ;  but  the  merit  of  having  6r8t 
ascertained  the  composition  and  chemical  characters  of  most 
of  the  species  of  urinary  calculi  at  present  known,  belongs  to 
Dr.  Wollaston.    (PhU.  Trans,  for  1T97.)     The  chemists  who 
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the  most  delicate  food  of  one  country  be  thus  eaten  in  its  ori- 
ginal perfection,  in  a  distant  region,  many  months  or  even 
years  after  its  preparation. 

For  reasons  formerly  mentioned,  animal  matters  commonlj 
undergo  putrefaction  more  readily  than  those  which  are  de- 
rived from  the  vegetable  kingdom  ;  (page  723)  but  they  are 
not  all  equally  disposed  to  putrefy.  The  acid  and  fatty  prin- 
ciples are  less  liable  to  this  change  than  urea,  fibrin,  and  other 
analogous  substances.  The  chief  products  to  which  their  dis- 
solution gives  rise  are  water,  ammonia,  carbonic  add,  and 
sulphuretted,  phosphuretted,  and  carburetted  hydrogen  gases. 


PART     IV, 


ANALYTICAL  CHEMISTRY. 


The  object  of  this  Fourth  Part  of  the  volume  is  to  serve 
as  a  guide  to  those  who  purpose  merely  to  skim  the  surface  of 
analytical  chemistry.  To  render  it  a  complete  manual  was 
never  intended :  to  do  so  would  be  foreign  to  the  plan  of  these 
Elements,  and  would  encroach  on  space  which  is  devoted  to 
another  purpose.  This  part  is  therefore  left  without  addition ; 
and  this  is  done  the  more  willingly,  because  I  hope  at  some  fu- 
ture period  to  embody  the  results  of  my  own  experience  in 
analytical  chemistry  in  a  separate  volume.  To  those  who  are 
much  occupied  in  the  laboratory  I  would  recommend  the  fol- 
lowing works : — ^The  Analytical  Chemistry  of  Rose,  either  in 
the  original  German  or  the  translation  by  Oriffith,  for  pro- 
cesses of  analysis ; — Mr.  Faraday's  work  on  Chemical  Mani- 
pulation for  the  delicate  operations  of  research ; — ^and  Dr. 
Reid'^s  Elements  of  Practical  Chemistry  for  experiments  of 
demonstration.  The  few  following  directions  are  thrown  into 
three  sections,  which  treat  of  the  analysis  of  mixed  gases,  of 
minerals,  and  of  mineral  waters. 
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rarely  exists  quite  alone,  because  the  same  state  of  the  urine 
which  leads  to  the  formation  of  this  species,  favours  the  depo- 
sition of  phosphate  of  lime ;  but  it  is  frequently  the  prevail- 
ing ingredient.  It  often  appears  in  the  form  of  minute  spark- 
ling crystals,  diffused  over  the  surface  or  between  the  inter- 
stices of  other  calculous  Uminse. 

Calculi,  in  which  this  salt  prevails,  are  generally  white,  and 
less  compact  than  the  for^^ing  species.  When  reduced  to 
powder  they  are  dissolved  by  cold  acetic  acid,  and  still  more 
easily  by  the  stronger  acids,  the  salt  being  thrown  down  un- 
changed by  ammonia.  Digested  in  pure  potash  it  emits  an 
ammoniacal  odour,  but  it  is  not  dissolved.  Before  the  blow- 
pipe, a  smell  of  ammonia  is  given  out,  it  diminishes  in  size, 
and  melts  into  a  white  pearl  with  rather  more  facility  (ban 
phosphate  of  lime. 

4.  The  fusible  calculus,  the  nature  of  which  was  first  de< 
tennined  by  Dr.  WoUaaton,  is  a  mixture  of  the  two  preced- 
ing species.  It  is  commonly  of  a  white  colour,  and  its  frac- 
ture is  usually  ragged  and  uneven.  It  is  more  friable  than 
any  of  the  other  kinds  of  calculus,  separates  easily  into  layers, 
and  leaves  a  white  dust  on  the  fingers.  These  concretions  are 
very  common,  and  sometimes  attain  a  large  size. 

The  furible  calculus  is  characterized  by  the  facility  with 
which  it  melts  into  a  pearly  globule,  which  is  sometimes  quite 
transparent.     When  reduced  to  powder,  and  put  into  cold 
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commonly  contains,  and  the  second  of  moisture  and  sulphuretted 
hydrogen.  The  analysis  must  be^  performed  in  a  mercurial 
trough.  The  time  required  for  completely  removing  the  oxy- 
gen depends  on  the  diameter  of  the  tube.  If  the  mixture  is 
contained  in  a  very  narrow  tube,  the  diminution  does  not 
arrive  at  its  full  extent  in  less  than  twenty  minutes  or  half  an 
hour ;  while  in  a  vessel  of  an  inch  in  diameter,  the  effect  is 
complete  in  the  course  of  five  minutes. 

Mode  of  determining  the  quantity  of  Nitrogen  in  gaseous 
mixtures. — ^As  atmospheric  air,  which  has  been  deprived  of 
moisture  and  carbonic  add,  consists  of  oxygen  and  nitrogen 
only,  the  proportion  of  the  latter  is  of  course  known  as  soon 
as  that  of  the  former  is  determined.  The  only  method,  indeed, 
by  which  chemists  are  enabled  to  estimate  the  quantity  of  this 
gas,  is  by  withdrawing  the  other  gaseous  substances  with 
which  it  is  mixed. 

Mode  of  determining  the  quantity  of  Carbonic  Acid  in  gase* 
ous  mixtures. — When  carbonic  acid  is  the  only  add  gas  whidi 
is  present,  as  in  analyzing  atmospheric  air,  in  the  ultimate 
analysis  of  organic  compounds,  and  in  most  other  analogous 
researches,  the  process  for  determining  its  quantity  is  exceed* 
ingly  simple ;  for  it  consists  merely  in  absorbing  that  gas  by 
lime  water  or  a  solution  of  caustic  potash.  This  is  easily 
done  in  the  course  of  a  few  minutes  in  an  ordinary  graduated 
tube ;  or  it  may  be  effected  almost  instantaneously  by  agitat- 
ing the  gaseous  mixture  with  the  alkaline  solution  in  Hope'^s 
eudiometer.  .  This  apparatus,  as  represented  in  the 
figure,  is  formed  of  two  parts : — of  the  bottle  A, 
capable  of  containing  about  twenty  drachms  of 
fluid,  and  furnished  with  a  well-ground  stopper  G ; 
and  of  the  tube  B,  of  the  capacity  of  one  cubic 
inch,  divided  into  100  equal  parts,  and  accurately 
fitted  by  grinding  to  the  neck  of  the  bottle.  The 
tube,  full  of  gas,  is  fixed  into  the  bottle  previously 
filled  with  lime  water,  and  its  contents  are  briskly 
agitated.  The  stopper  C  is  then  withdrawn  under 
water,  when  a  portion  of  liquid  rushes  into  the  tube,  supplying 
the  place  of  the  gas  which  has  disappeared ;  and  the  process 
is  afterwards  repeated,  as  long  as  any  absorption  ensues. 

The  eudiometer  of  Dr.  Hope  was  originally  designed  far 
analyzing  air  or  other  similar  mixtures,  the  bottle  bdng  filled 
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urine  in  a  similar  state,  and  made  similar  remarks.  (Edin. 
Med.  and  Surg.  Journal,  Oct.  1830.) 

It  is  remarkable  that  cystic  oxide  is  never  accompanied 
with  the  matter  of  any  other  concretion ;  whereas  the  other 
species  are  frequently  met  with  in  the  same  stone.  They  are 
sometimes  so  intimately  mixed  that  they  can  be  separated  from 
one  another  only  by  chemical  analysis,  forming  what  is  called 
a  compOMiu^  calculus ;  but  more  frequently  the  concretion  con- 
sists of  two  or  more  different  species  arranged  in  distinct  alter- 
nate layers.     This  is  termed  the  alltrnating  calculus. 

Besides  the  calculi  just  mentioned,  a  few  other  species  have 
been  noticed.  Two  were  described  hy  Dr.  Marcet  under  the 
names  of  xanthic  oxide  and  Jibrinoui  calculus,  both  of  which 
are  exceedingly  rare.  Xanthic  oxide  is  ofa  reddish  or  yellow 
colour,  is  soluble  both  in  acids  and  alkalies,  and  its  scrfution 
in  nitric  acid,  when  evaporated,  assumes  a  bright  lemon<yel- 
low  tint,  a  property  to  which  it  owes  its  name,  and  by  which 
it  is  characterized.  ({a>f a;  yellow.)  The  fibrinous  calculus 
derives  its  name  from  fibrin,  to  which  its  properties  are 
closely  analogous.  The  third  species  consists  chiefly  of  car- 
bonate of  lime,  and  is  likewise  of  rare  occurrence.  It  is  pnv 
bable  that  in  some  very  uncommon  cases,  silica  forms  the 
principal  ingredient  of  a  stone  ;  at  least  siliceous  matter  was 
found  by  Dr.  Venables  to  be  vended  in  one  if  not  in  two 
cases  of  gravel.     (Journal  of  Science,  N.  8.  vi.  234.)     He 
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When  defiant  gas  is  mixed  with  other  inflammable  gases, 
its  quantity  is  easily  determined  by  an  elegant  and  simple 
process  proposed  by  Dr.  Henry.  (Page  371.)  It  consists  in 
mixing  100  measures,  or  any  convenient  quantity  of  the 
gaseous  mixture,  with  an  equal  volume  of  chlorine  in  a  vessel 
covered  with  a  piece  of  cloth  or  paper,  so  as  to  protect  it  from 
light;  and  after  an  interval  of  about  ten  minutes,  the  excess 
of  chlorine  is  removed  by  lime  water  or  potash.  The  loss 
experienced  by  the  gas  to  be  analyzed,  indicates  the  exact 
quantity  of  olefiant  gas  which  it  had  contained. 

This  method  is  not  correct  when  the  vapours  of  the  dense 
hydro-carburets  are  present.  Thus  when  oil  gas  is  mixed 
with  chlorine,  the  diminution  in  volume  arises  from  the  re- 
moval of  the  combustible  vapours  as  well  as  of  olefiant  gas  ; 
for  the  former  are  equally  disposed  as  the  latter  to  unite  with 
chlorine. 

In  mixtures  of  hydrogen,  carburetted  hydrogen,  and  car* 
bonic  oxide,  the  analytic  process  is  exceedingly  difficult  and 
complicated,  and  requires  all  the  resources  of  the  most  re- 
fined chemical  knowledge,  and  all  the  address  of  an  experi- 
enced analyst.  The  most  recent  information  on  this  subject 
will  be  found  in  Dr.  Henry'^s  Essay  in  the  Philosophical 
Transactions  for  1824. 

SECTION  II. 

ANALYSIS    OP    MINERALS. 

As  the  very  extensive  nature  of  this  department  of  analyti- 
cal chemistry  renders  a  selection  necessary,  I  shall  confine  my 
remarks  solely  to  the  analysis  of  those  earthy  minerals  with 
which  the  beginner  usually  commences  his  labours.  The  most 
common  constituents  of  these  compounds  are  silica,  alumina, 
iron,  manganese,  lime,  magnesia,  potash,  soda,  and  carbonic 
and  sulphuric  acids ;  and  I  shall,  therefore,  endeavour  to  gire 
short  directions  for  determining  the  quantity  of  each  of  these 
substances. 

In  attempting  to  separate  two  or  more  fixed  principles 
from  each  other,  the  first  object  of  the  analytical  chemist  is 
to  bring  them  into  a  state  of  solution.  If  they  are  soluble  in 
water,  this  fluid  is  preferred  to  every  other  menstruum  ;  but 
if  not,  an  acid  or  any  convenient  solvent  may  be  employed. 
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the  enamel  contaioB  78  per  cent  of  phosphate  and  6  of  car- 
bonate  of  lime,  the  residue  being  probably  gelatine.  The 
composition  of  ivory  ia  dmilar  to  that  of  the  bony  matter  of 
teeth  in  general. 

The  shells  of  eggs  and  the  covering  of  crustaceoua  animals, 
such  as  lobsters,  crabs,  and  the  starfish,  consist  of  carbonate 
and  a  little  phosphate  of  lime,  and  animal  matter.  The  shells 
of  oysters,  muscles,  and  other  molluscous  animals  consist 
almost  entirely  of  carbonate  of  lime  and  animal  matter,  and 
the  composition  of  pearl  and  mother  of  pearl  is  similar. 

Horn  differs  from  bone  in  containing  only  a  trace  of  earth. 
It  consists  chiefly  of  gelatine  and  a  cartilaginous  substance 
like  coagulated  albumen.  The  composition  of  the  nails  and 
hoofs  of  animals  is  similar  to  that  of  horn;  and  the  cuticle 
belongs  to  the  same  class  of  substances. 

Tendons  appear  to  be  composed  almost  entirely  of  gela- 
tine ;  for  they  are  soluble  in  boiling  water,  and  the  solution 
yields  an  abundant  jelly  on  cooling.  The  composition  of  the 
true  skin  is  nearly  the  same  as  that  of  tendons.  Membranes 
and  ligaments  are  composed  chiefly  of  gelatine,  but  they  also 
contain  some  substance  which  is  insoluble  in  water,  and  ia 
similar  to  coagulated  albumen. 

According  to  the  analysis  of  Vauqudin,  the  principal  in- 
gredient of  hair  is  a  peculiar  animal  substance,  insoluble  in 
water  at  212°  F.  but  which  may  be  dissolved  in  that  liquid 
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called  magnesian  limestone.  The  analysis  of  this  substanoey 
so  far  as  respects  carbonic  acid,  is  the  same  as  that  of  marUe. 
The  separation  of  the  two  earths  may  be  conveniently  effected 
in  the  following  manner.  The  solution  of  the  mineral  in 
muriatic  acid  is  evaporated  to  perfect  dryness  in  a  flat  dish  or 
capsule  of  porcelain,  and  after  redissolving  the  residuum  in  a 
moderate  quantity  of  distilled  water,  a  solution  of  oxalate  of 
ammonia  is  added  as  long  as  a  precipitate  ensues.  The  oxa- 
late of  lime  is  then  allowed  to  subside,  collected  on  a  fllter, 
converted  into  quicklime  by  a  white  heat,  and  weighed ;  or 
the  oxalate  may  be  decomposed  by  a  red  heat,  and  after 
moistening  the  resulting  carbonate  with  a  strong  solution  of 
carbonate  of  ammonia,  in  order  to  supply  any  particles  of 
quicklime  with  carbonic  acid,  it  should  be  dried,  heated  to 
low  redness,  and  regarded  as  pure  carbonate  of  lime.  To 
the  filtered  liquid,  containing  the  magnesia,  a  mixture  of  pure 
ammonia  and  phosphate  of  soda  is  added,  when  the  magnesia 
in  the  form  of  the  ammoniaco-phosphate  is  precipitated.  Of 
this  precipitate,  heated  to  redness,  100  parts,  according  to 
Stromeyer,  correspond  to  37  of  pure  magnesia. 

The  precipitation  of  magnesia  by  means  of  phosphoric  acid 
and  ammonia,  though  extremely  accurate  when  properly  per* 
formed,  requires  a  few  precautions.  The  liquid  should  be 
cold,  and  either  neutral  or  alkaline.  The  precipitate  is  dis- 
solved with  great  ease  by  most  of  the  adds ;  and  Stromeyer 
has  remarked  that  some  of  it  is  held  in  solution  by  carbonic 
acid  whether  free  or  in  union  with  an  alkali.  The  absence  of 
carbonic  acid  should  therefore  always  be  insured,  prior  to  the 
precipitation,  by  heating  the  solution  to  212°  F.,  addulating 
at  the  same  time  by  muriatic  acid,  should  an  alkaline  car* 
bonate  be  present.  Berzelius  has  also  observed,  that  in 
washing  the  ammoniaco-magnesian  phosphate  on  a  filter,  a 
portion  of  the  salt  is  dissolved  as  soon  as  the  saline  matter  of 
the  solution  is  nearly  all  removed ;  that  is  to  say,  it  is  dis- 
solved by  pure  water.  Hence  the  edulcoration  should  be 
completed  by  water,  which  is  rendered  slightly  saline  by  mu- 
riate of  ammonia. 

Earthy  Sulphates. — ^The  most  abundant  of  the  earthy  sul- 
phates is  that  of  lime,  the  analysis  of  which  is  easily  effected. 
By  boiling  it  for  fifteen  or  twenty  minutes  with  a  solution  of 
twice  its  weight  of  carbonate  of  soda,  double 
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SECTION  VII. 

ON     PUTREFACTION. 

When  dead  animal  matter  is  exposed  to  air,  moisture,  and 
a  moderate  temperature,  it  speedily  runs  into  putrefaction, 
during  whi^  ererj  trace  of  its  original  texture  disappears, 
and  products  of  a  very  offensive  nature  are  generated.  The 
most  favourable  temperature  is  from  60°  to  80°  or  90°  Fahr. 
Below  60°  Ibe  process  takes  place  tardily,  and  at  32°  it  is 
wholly  arrested;— a  fact,  which  is  clearly  evinced  by  the  cir- 
cumstance that  the  bodies  of  animals,  which  have  been  buried 
in  snow  or  ice,  are  found  unchanged  after  a  long  series  of 
years.  The  necessity  of  a  certain  degree  of  moisture  is  shown 
by  the  facility  with  which  the  most  perishable  substances  may 
be  preserved  when  quite  dry.  The  preservation  of  smoked 
meat  is  chiefly  owing  to  this  cause;  and,  for  a  like  reason, 
animals  buried  in  the  dry  sand  of  Arabia  and  Egypt  have  re- 
mained for  years  without  change. 

It  is  probable  that  when  moisture  and  warmth  concur, 
putrefaction  in  animal  matter  which  has  not  been  heated  to 
S12°  wilt  take  place  independently  of  atmospheric  influence. 
But  when  animal  matter  has  been  boiled,  and  is  then,  with- 
out subsequent  exposure,  completely  protected  frtmi  air,  it 
may  be  pitaantd  for  years,  even  though  moist  and  in  a  tern- 
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hydrated  peroxide,  forty-nine  parts  contain  forty  of  anhy- 
drous peroxide  of  iron.  But  the  most  accurate  mode  of  de- 
termining its  quantity  is  by  expelling  the  water  by  a  red- 
heat.  This  operation,  however,  should  be  done  with  care ; 
since  any  adhering  particles  of  paper,  or  other  combustible 
matter,  would  bring  the  iron  into  the  state  of  black  oxide,  a 
change  which  is  known  to  have  occurred  by  the  iron  being 
attracted  by  a  magnet. 

To  procure  the  alumina,  the  liquid  in  which  it  is  dissolved 
is  boiled  with  sal-ammoniac,  when  the  muriatic  add  unites 
with  the  potash,  the  volatile  alkali  is  dissipated  in  vapour^ 
and  the  alumina  subsides.  As  soon  as  the  solution  is  thus 
rendered  neutral,  the  hydrous  alumina  is  collected  on  a  filter, 
dried  by  exposure  to  a  white  heat,  and  quickly  wdghed  after 
removal  from  the  fire. 

Separation  of  Iron  and  Manganese. — ^A  compound  of  theae 
metals  or  their  oxides  may  be  dissolved  in  muriatic  add.  If 
the  iron  is  in  a  large  proportion  compared  with  the  manga- 
nese, the  following  process  may  be  adopted  with  advantag& 
To  the  cold  solution  considerably  diluted  with  water,  and 
addulated  with  muriatic  add,  carbonate  of  soda  is  gradually 
added,  and  the  liquid  is  briskly  stirred  with  a  glass  rod 
during  the  effervescence,  in  order  that  it  may  become  highly 
charged  with  carbonic  acid.  By  neutralizing  the  solution  in 
this  manner,  it  at  length  attains  a  point  at  which  the  peroxide 
of  iron  is  entirely  deposited,  leaving  the  liquid  coloarless ; 
while  the  manganese,  by  aid  of  the  free  carbonic  add,  is  kept 
in  solution.  The  iron,  after  subsiding,  is  collected  oa  a 
filter,  and  its  quantity  determined  in  the  usual  manner.  The 
filtered  liquid  is  then  boiled  with  an  excess  of  carbonate  of 
soda;  and  the  precipitated  carbonate  of  manganese  is  col- 
lected, heated  to  fuH  redness  in  an  open  crucible,  by  whidi 
it  is  converted  into  the  red  oxide,  and  weighed.  This  method 
is  one  of  some  delicacy ;  but  in  skilful  hands  it  affords  a  very 
accurate  result.  It  may  also  be  employed  for  separating  iron 
from  magnesia  and  lime  as  well  as  from  manganese. 

But  if  the  proportion  of  iron  is  small  compared  with  that 
of  manganese,  the  best  mode  of  separating  it  is  by  succinate 
of  ammonia  or  sodai  prepared  by  neutralizing  a  solution  of 
sucdnic  add  with  dther  of  those  alkalies.  That  this  process 
should  succeed,  it  is  necessary  that  the  iron  be  wholly  in  the 
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SECTIO>f  I. 

ANALYSIS  OF  HIKED  OASES. 

Analytii  of  Air  or  ofgateout  mixtures  coMainittg  Oxygen. 
—Of  the  varioua  processes  b^  which  oxygen  gas  may  be  with- 
drawn from  gaseous  mixtures,  and  its  quantity  determined* 
none  are  so  convenient  and  precise  as  the  method  by  means 
of  hydrogen  gas.  In  performing  this  analysis,  a  portion  of 
atmospheric  air  is  carefully  measured  in  a  graduated  tube, 
and  mixed  with  a  quantity  of  hydrogen  gas  which  is  rather 
more  than  suffideDt  for  uniting  with  all  the  oxygen  present. 
The  mixture  it  then  introduced  into  a  strong  glass 
tube.  A,  called  Volta's  eudiometer,  shown  in  the  ' 
annexed  wood-cut,  and  an  electric  spark  is  passed 
through  it  by  means  of  the  conducting  wires  B,  B, 
fixed  into  the  tube.  The  aperture  is  closed  by 
the  thumb  at  the  moment  of  detonation,  in  order  to  - 
prevent  any  of  the  mixture  from  escaping.  The  total  dimi- 
nution in  volume,  divided  by  three,  indicates  the  quantity  of 
oxygen  originally  contained  in  the  mixture.  This  operation 
may  be  performed  in  a  trough  either  of  water  or  mercury. 

Instead  of  electricity,  spongy  platinum  may  be  employed 
for  causing  the  union  of  oxygen  and  hydrogen  gases;  and 
while  its  indications  are  very  precise,  it  has  (he  advantage  of 
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Mode  of  Analyzing  an  Earthy  Mineral  containing  Silica^ 
Iron  J  Alumina,  Manganese^  Limey  and  MagnetiuB — ^The  mi- 
neral, reduced  to  fine  powder,  is  ignited  with  three  or  four 
times  its  weight  of  carbonate  of  potash  or  soda,  the  mass  is 
taken  up  in  dilute  muriatic  acid,  and  the  silica  separated  in 
the  way  already  described.  To  the  solution,  thus  freed  from 
silica  and  duly  acidulated,  carbonate  of  soda,  or  still  better 
the  bi-carbonate,  is  gradually  added,  so  as  to  charge  the 
liquid  with  carbonic  acid,  as  in  the  analysis  of  iron  and  man- 
ganese. In  this  manner  the  iron  and  alumina  are  alone  pre^ 
cipitated,  substances  which  may  be  separated  from  each  other 
by  means  of  pure  potash.  (Page  955.)  The  manganese, 
lime,  and  magnesia,  may  then  be  determined  by  the  processes 
above  described. 

Analysis  of  Minerals  containing  a  fixed  Alkali. — ^When  the 
object  is  to  determine  the  quantity  of  fixed  alkali,  such  as 
potash  or  soda,  it  is  of  course  necessary  to  abstain  from  the 
employment  of  these  reagents  in  the  analysis  itself;  and  the 
beginner  will  do  well  to  devote  his  attention  to  the  alkaline 
ingredients  only.  On  this  supposition,  he  will  proceed  in  the 
following  manner.  The  mineral  is  reduced  to  a  very  fine 
powder,  mixed  intimately  with  ^x  times  its  weight  of  arti- 
ficial carbonate  of  baryta,  and  exposed  for  an  hour  to  a  white 
heat.  The  ignited  mass  is  dissolved  in  dilute  muriatic  add, 
and  the  solution  evaporated  to  perfect  dryness.  The  soluble 
parts  are  taken  up  in  hot  water ;  an  excess  of  carbonate  of 
ammonia  is  added ;  and  the  insoluble  matters,  co^mstiog  of 
silica,  carbonate  of  baryta,  and  ajil  the  constituents  of  tlie 
mineral,  excepting  the  fixed  alkali,  are  collected  on  a  filter. 
The  clear  solution  is  evaporated  to  dryness  in  a  porcelain 
capsule,  and  the  dry  mass  is  heated  to  redness  in  a  crucible 
of  platinum,  in  order  to  expel  the  salts  of  ammonia.  Tbe 
residue  is  chloride  of  potassium  or  sodium. 

In  this  analysis,  it  generally  happens  that  traces  of  maDga- 
nese,  and  sometimes  of  iron,  escape  precipitation  in  the  first 
part  of  the  process ;  and,  in  that  case,  they  should  be  thrown 
down  by  hydrosulphuret  of  anunonia.  If  neither  lime  nor 
magnesia  is  present,  the  alumina,  iron,  and  manganese  may 
be  separated  by  pure  ammonia,  and  the  baryta  subsequently 
removed  by  the  carbonate  of  that  alkali.  By  this  method  the 
carbonate  of  baryta  is  recovered  in  a  pure  state,  and  may  be 
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with  a  ■olutton  of  hjdro-flulphuret  of  potash  or  lime,  or  ranie 
liquid  capable  of  absorbing  oxygen.  To  the  employment  of  this 
apparatus  it  has  been  objected,  that  the  absorption  is  rendered 
slow  by  the  partial  vacuum  which  is  continually  taking  place 
within  it,  an  inconvenience  particularly  felt  towards  the  close 
of  the  process,  in  consequence  of  the  eudiometric  liquor  being 
diluted  by  the  admission  of  water.  To  remedy  this 
defect.  Dr.  Henry  has  substituted  a  bottle  of  elastic 
gum  for  that  of  glass,  as  in  the  annexed  wood-cut, 
by  which  contrivance  no  vacuum  can  occur.  From 
the  improved  method  of  analyzing  air,  however, 
this  instrument  is  now  rarely  employed  in  eudio- 
metry ;  but  it  may  be  used  with  advantage  for  ab- 
sorbing carbonic  acid  or  similar  gases,  and  is  par- 
ticularly useful  for  the  purpose  of  demonstration. 

Mode  of  analyzing  mixtures  of  Hydrogen  and  other  in- 
JlamtnabU  gates. — When  hydrogen  is  mixed  with  nitrogen, 
air,  or  other  similar  gaseous  mixtures,  its  quantity  is  easily 
ascertained  by  causing  it  to  combine  with  oxygen  either  by 
means  of  platinum  or  the  electric  spark.  If,  instead  of  hy- 
drogen, any  other  combustible  substance,  such  as  carbonic 
oxide,  light  carburetted  hydrogen,  or  olefiant  gas,  be  mixed 
with  nitrogen,  the  analysis  is  easily  effected  by  adding  a 
sufficient  quantity  of  oxygen,  and  detonating  the  mixture  by 
electricity.     The  diminution  in  volume  indicates  the  quantity 
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matter,  may  be  put  into  a  crucible  while  yet  contained  in  the 
filter,  the  paper  being  set  on  fire  before  it  is  placed  in  the 
furnace.  In  these  instances,  the  ash  from  the  paper,  the 
average  weight  of  which  is  determined  by  previous  expe- 
riments, must  be  subtracted  from  the  weight  of  the  heated 
mass. 

The  tests  commonly  employed  in  ascertaining  the  acidity 
or  alkalinity  of  liquids  are  litmus  and  turmeric  paper.  The 
former  is  made  by  digesting  litmus,  reduced  to  a  fine  powder, 
in  a  small  quantity  of  water,  and  painting  with  it  white  paper 
which  is  free  from  alum.  Turmeric  paper  is  made  iu  a 
similar  manner ;  but  the  most  convenient  test  of  alkalinity  is 
litmus  paper  reddened  by  a  dilute  acid. 

SECTION  III. 

ANALYSIS   OF   MINERAL    VTATERS. 

Rain  water  collected  in  clean  vessels  in  the  country,  or 
freshly  fallen  snow  when  melted,  afibrds  the  purest  kind  of 
water  which  can  be  procured  without  having  recourse  to  di9» 
tillation.  The  water  obtained  from  these  sources,  however, 
is  not  absolutely  pure,  but  contains  a  portion  of  carbonic  add 
and  air,  absorbed  from  the  atmosphere.  It  is  remarkable  that 
this  air  is  very  rich  in  oxygen.  That  procured  from  snow- 
water by  boiling,  was  found  by  Oay-Lussac  and  Humboldt  to 
contain  34*8,  and  that  from  rain  water  32  per  cent  of  oxygen 
gas.  From  the  powerfully  solvent  properties  of  water^  this 
fluid  no  sooner  reaches  the  ground  and  percolates  thiou^  the 
soil,  than  it  dissolves  some  of  the  substances  which  it  meets 
with  in  its  passage.  Under  common  circumstances  it  takes 
up  so  small  a  quantity  of  foreign  matter,  that  its  sensible 
properties  are  not  materially  affected,  and  in  this  state  it 
gives  rise  to  springs  welly  and  river  water.  Sometimes,  on 
the  contrary,  it  becomes  so  strongly  impregnated  with  saline 
and  other  substances,  that  it  acquires  a  peculiar  flavour,  and 
is  thus  rendered  unfit  for  domestic  uses.  It  is  then  known 
by  the  name  of  mineral  water. 

The  composition  of  spring  water  is  dependent  on  the  nature 
of  the  soil  through  which  it  flows.  If  it  has  filtered  through 
primitive  strata,  such  as  quartz  rock,  granite,  and  the  Hke,  it 
is  in  general  very  pure ;  but  if  it  meets  with  limestone  or 
gypsum  in  its  passage,  a  portion  of  these  salts  is  dissolved. 
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In  many  instances,  however,  the  substance  to  be  analyzed  re- 
sists the  action  even  of  the  acids,  and  in  that  case  the  follow- 
ing method  is  adopted : — ^The  compound  is  first  crushed  by 
means  of  a  hammer  or  steel  mortar,  and  is  afterwards  reduced 
to  an  impalpable  powder  in  a  mortar  of  agate ;  it  is  then  inti- 
mately mixed  with  three,  four,  or  mure  times  its  weight  of 
potash,  soda,  baryta,  or  their  carbonates ;  and,  lastly,  the 
mixture  is  exposed  in  a  crudble  of  silver  or  platinum  to  a 
strong  heat.  During  the  operation,  the  alkali  combines  with 
one  or  more  of  the  constituents  of  the  mineral ;  and,  con- 
sequently, its  elements  being  disunited,  it  no  longer  resists 
the  action  of  the  acids. 

Analytii  of- Marble  or  Carbonate  of  lime. — This  analysis 
is  easily  made  by  exposing  a  known  quantity  of  marble  for 
about  half  an  hour  to  a  full  white  heat,  by  which  means  the 
carbonic  acid  gas  is  entirely  expelled,  so  that  by  the  loss  in 
weight  the  quantity  of  each  ingredient,  supposing  the  marble 
to  have  been  pure,  is  at  once  determined.  In  order  to  ascer- 
tain that  the  whole  loss  is  owing  to  the  escape  of  carbonic 
add,  the  quantity  of  this  gas  may  be  determined  by  a  compa- 
rative analysis.  Into  a  small  flask  containing  muriatic  acid 
diluted  with  two  or  three  parts  of  water,  a  known  quantity 
of  marble  is  gradually  added,  the  flask  being  inclined  to  one 
ude  in  order  to  prevent  the  fluid  from  being  flung  out  of  the 
vessel  during  the  efiervescence.     The  diminution  in  weight 
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alkali,  and,  consequently,  either  in  their  natural  state  or  when 
concentrated  by  evaporation,  possess  an  alkaline  reaction. 

These  springs  are  rare.  The  best  instance  I  have  met 
with  is  in  water  collected  at  the  Furnas,  St.  Michaels,  Azores, 
and  sent  to  the  Royal  Society  of  Edinburgh  by  Lord  Napier. 
These  springs  contain  carbonate  of  soda  and  carbonic  add, 
and  are  almost  entirely  free  from  earthy  substances.  Of  five 
different  kinds  of  these  waters  which  I  examined,  the  greater 
part  also  contained  protoxide  of  iron,  sulphuretted  hydrogen, 
and  muriate  of  soda. 

3.  Chalybeate  waters  are  characterized  by  a  strong  styptic 
inky  taste,  and  by  striking  a  black  colour  with  the  infusion  of 
gall-nuts.  The  iron  is  sometimes  combined  with  muriatic  or 
sulphuric  acid;  but  most  frequently  it  is  in  the  form  of 
proto^carbonate,  held  in  solution  by  free  carbonic  acid.  On 
expdsure  to  the  air,  the  protoxide  is  oxidized,  and  the  hy- 
drated  peroxide  subsides,  causing  the  ochreous  deposite,  so 
commonly  observed  in  the  vicinity  of  chalybeate  springs. 

To  ascertain  the  quantity  of  iron  contained  in  a  minenU 
water,  a  known  weight  of  it  is  concentrated  by  evaporation, 
and  the  iron  is  brought  to  the  state  of  peroxide  by  means  of 
nitric  acid.  The  peroxide  is  then  precipitated  by  an  alkali 
and  weighed  ;  and  if  lime  and  magnesia  are  present,  it  may 
be  separated  from  those  earths  by  the  process  described  in 
the  last  section. 

Chalybeate  waters  are  by  no  means  uncommon;  but  the 
most  noted  in  Britain  are  those  of  Tunbridge,  ChelteoiMun, 
and  Brighton.  The  Bath  water  also  contains  a  small  quan- 
tity of  iron. 

'  4.  Sulphurous  waters,  of  which  the  springs  of  Aix  la  Cha- 
pelle,  Harrowgate,  and  Moffat  afford  examples,  contain  sul- 
phuretted hydrogen,  and  are  easily  recognised  by  their  odour, 
and  by  causing  a  brown  precipitate*  with  a  salt  of  lead  or 
silver.  The  gas  is  readily  expelled  by  boiling,  and  its  quan- 
tity may  be  inferred  by  transmitting  it  through  a  solution  of 
acetate  of  lead,  and  weighing  the  sulphuret  which  is  gene- 
rated. 

5.  Those  mineral  springs  are  called  saline  which  do  not 
belong  to  either  of  the  preceding  divisions.  The  salts  whidi 
are  most  frequently  contained  in  these  waters  are  sulphates, 
muriates,  and  carbonates  of  lime,  magnesia,  and  soda.     Pot- 


ANALYSIS  OP  UraiRAU.  955 

ensueg ;  and  the  carbonate  of  lime,  after  bang  collected  on  a 
filter  and  washed  witb  hot  water,  is  either  faeated  to  low  red- 
neM  to  expel  the  water,  and  weighed,  or  at  once  reduced  to 
quicklime  by  a  white  heat.  Of  the  dry  carbonate,  fifty  parta 
correspond  to  twenty-eight  of  lime.  The  alkaline  solution  is 
acidulated  with  muriatic  acid,  and  the  sulphuric  add  tbrowa 
down  by  muriate  of  baryta.  From  the  sulphate  of  this  earth, 
collected  and  dried  at  a  red  heat,  the  quantity  of  acid  may 
easily  be  estimated. 

The  method  of  analyzing  the  sulphate  of  strontia  and 
baryta  is  somewhat  difierent.  As  these  salts  are  difficult  of 
decomposition  in  the  moist  way,  the  following  process  ia 
adt^ted.  The  sulphate,  in  fine  powder,  is  mixed  with  three 
times  its  weight  of  carbonate  of  soda,  and  the  mixture  is 
heated  to  redness  in  a  platinum  crucible  for  the  space  of  ao 
hour.  The  ignited  mass  is  then  digested  in  hot  water,  and 
the  insoluble  earthy  carbonate  collected  mt  a  filter.  The 
other  parts  of  the  process  are  the  same  as  the  foregoing. 

Mode  of  analyzing  Compounds  of  Silica,  Alumina,  and 
Iron. — Minerals,  thus  constituted,  are  decomposed  by  an  al- 
kaline carbonate,  at  a  red-heat,  in  the  same  mantwr  as  sul- 
phate of  baryta.  Tbe  mixture  is  afterwards  digested  in  di- 
lute muriatic  add,  by  which  means  all  tbe  ingredients  of  the 
mioeral,  if  the  decomposition  is  complete,  are  dissolved.  The 
solutitm  is  next  evaporated  to  dryness,  the  beat  being  care- 
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render  it  quite  free  from  moisture.  To  the  other  half  of  the 
concentrated  mineral  water,  oxalate  of  ammonia  is  added  fcnr 
the  purpose  of  precipitating  the  lime ;  and  the  magnesia  is 
afterwards  thrown  down  as  the  ammoniaco-phosphate,  by 
means  of  ammonia  and  phosphoric  acid.  Having  thus  deter- 
mined the  weight  of  each  of  the  fixed  ingredients,  excepting 
the  soda,  the  loss  of  course  gives  the  quantity  of  that  alkali  ; 
or  it  may  be  procured  in  a  separate  state  by  the  process  de- 
scribed in  the  foregoing  section. 

The  individual  constituents  of  the  water  being  known,  it 
remains  to  determine  the  state  in  which  they  were  originally 
combined.  In  a  mineral  water  containing  sulphuric  and 
muriatic  acids,  lime,  and  soda,  it  is  obvious  that  three  cases 
are  possible.  The  liquid  may  contain  sulphate  of  lime  and 
muriate  of  soda,  or  muriate  of  lime  and  sulphate  of  soda,  or 
each  acid  may  be  distributed  between  both  the  bases.  It  was 
at  one  time  supposed  that  the  lime  must  be  in  combinatioa 
with  sulphuric  add,  because  the  sulphate  of  that  earth  is  left 
when  the  water  is  evaporated  to  dryness.  This,  however,  by 
no  means  follows.  In  whatever  state  the  lime  may  exist  in 
the  original  spring,  gypsum  will  be  generated,  as  soon  as  the 
concentration  reaches  that  degree  at  which  sulphate  of  lime 
cannot  be  held  in  solution.  The  late  Dr.  Murray,  who 
treated  this  question  with  much  sagacity,  observes  that  some 
mineral  waters,  which  contain  the  four  principles  above  men* 
tioned,  possess  higher  medicinal  virtues  than  can  be  justly 
ascribed  to  the  presence  of  sulphate  of  lime.  He  advances 
the  opinion  that  alkaline  bases  are  united  in  mineral  waters 
with  those  acids  with  which  they  form  the  most  soluble 
compounds,  and  that  the  insoluble  salts  obtained  by  evapo- 
ration are  merely  products.  He  therefore  proposes  to  ar- 
range the  substances  determined  by  analysis  according  to  this 
supposition.  (Edin.  Phil.  Trans,  vii.)  To  this  practice  there 
is  no  objection ;  but  it  is  probable  that  each  acid  is  rather 
distributed  between  several  bases  than  combined  exclusively 
with  either.     (Page  174.) 

Sea  water  may  be  regarded  as  one  of  the  saline  mineral 
waters.  Its  taste  is  disagreeably  bitter  and  saline,  and  its 
fixed  constituents  amount  to  about  three  per  cent.  Its  specific 
gravity  varies  from  1*0269  to  1'0285  ;  and  it  freezes  at  about 
28*5''  F.    Acccording  to  the  analysis  of  Dr.  Murray,  10,000 
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state  of  peroxide,  that  the  solution  be  exactly  neutral^  which 
may  easily  be  insured  by  the  cautious  use  of  ammonia,  and 
that  the  reddtsh>brovn  coloured  succinate  of  iron  be  washed 
with  cdd  water.  Of  this  succinate,  well  dried  at  a  tempent' 
ture  of  818°  F,  90  parts  correspond  to  40  of  the  peroxide. 
From  the  filtered  liquid  the  manganese  may  he  precipitated 
at  a  boiling  temperature  by  carbonate  of  soda,  and  its  quan- 
tity determined  in  the  way  above  mentioned.  The  benzoate 
may  be  substituted  for  succinate  of  ammonia  in  the  preceding 
pruceu. 

It  may  be  stated  as  a  general  rule,  that  whenever  it  is  in- 
tended to  precipitate  iron  by  means  of  the  alkalies,  the  succi- 
nates, or  benzoates,  it  is  essential  that  tiiis  metal  be  in  the 
maximum  of  oxidation.  It  is  easily  brought  into  this  state 
by  digestion  with  a  little  nitric  acid. 

Separation  of  MaHganeufnmi  Lime  and  Magiuria. — If  the 
quantity  of  the  former  be  proportionally  small,  it  is  precipi- 
tated as  a  sulphuret  by  hydrosulphuret  of  ammonia  or  potash. 
This  sulphuret  is  then  dissolved  in  muriatic  acid,  and  the 
manganese  thrown  down  as  usual  by  means  of  an  alkali. 
But  if  the  manganese  be  the  chief  ingredient,  the  best  method 
is  to  predpitate  it  at  once,  together  with  the  two  earths,  by  a 
fixed  alkaline  carbonate  at  a  boiling  temperature.  The  pre. 
cipitale,  after  being  exposed  to  a  low  red  heat  and  weighed, 
is  put  into  cold  water  acidulated  with  a  drop  or  two  of  nitric 
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TABLE 

Shyicing  the    Composition  of  several    of  the   principal    Mineral 
Waters.     (From  Dr.  Henry's  Elements.) 

[N.  B.    The  temperature,  when  not  expressed,  is  to  be  understood  to  be  49°  or 
60°  Fahrenheit.] 

I.  Carbonated  Waters. 


Seltzbr.    Bergmann. 

In  each  wine  pint. 

Carbonic  acid     .    .     .     .     H  cub.  in. 

Specific  gravity  1-0027. 
Carbonate  of  soda  .....    4  grs. 
'  of  magnesia    ...    5 

■  I  of  lime 3 

Chloride  of  Sodium     .     .    .     .17 


... 


29 


Carlsbad     (Temperature  166°  Fahr.) 
Berzelius. 

In  a  wine  pint. 
Carbonic  acid  .    .    •    .    •    6  cub.  in. 


In  1000  parts  by  weight. 
Sulphate  of  soda   .    .     .    2-68714  grs, 
Cartionate  of  soda  .  . 
Chloride  of  sodium     . 
Carbonate  of  lime 
Fluate  of  do.    .    .    • 
Phosphate  of  do.  ■     . 
Carbonate  of  Strontia 
of  magnesia 


Phosphate  of  alumina 
Carbonate  of  iron  .  . 


1-26200 
1-04893 
0"31219 
000331 
000019 
0-00097 
0-18221 
0.00034 
0*00424 


Silica 


of  manganese,  a  trace 
0-07604 


6*46666 


Spa.     Bergmann. 

Specific  gravity  1-0010. 

In  each  wine  pinL 


Carbonic  acid     .    .    * 

Carbonate  of  soda  .  . 
■  of  magneaa 

— >— ^—  of  lime  .  • 
Chloride  of  sodium  .  . 
Oxide  of  iron      .    •     . 


13  cub.  in. 

.  1-5  gr. 

.  4-5 '^ 

.  1-5 

.  0-2 

.  0-6 


8-3 


PrnMONT.    Bergmann. 
Specific  gravity  1*0024. 
In  each  wine  pint. 
Carbonic  acid     •    •    •    •    26  cub.  in. 


Carbonate  of  magnesia 
— — -— >  of  lime  .  • 
Sulphate  of  magnesia  . 
of  lime      .    . 


10- 
4-5 
5-5 
8-5 
1-5 


Chloride  of  sodium .     .    .    « 
Oxide  of  iron 0-6 


PouGES.    Haaaenfiatz. 
In  each  wine  pint. 
Carbonic  acid      ....    90  cab.  in. 

Carbonate  of  soda    ....  10. 
of  magnesia .     .    .     1*2 

of  lime    .    .     .    .  12. 

Chloride  of  sodium  ....    2.2 

Oxide  of  iron 2*5 

Silica 0-5 

28.4 
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reserred  for  another  analyaii.  The  baryta  may  also  be  thrown 
down  aa  a  sulphate  by  sulphuric  acid,  in  which  case,  the  soda 
or  potash  is  procured  in  combination  with  thai  acid ;  but 
this  mode  is  objectionable,  because  the  sulphate  of  baryta  is 
very  apt  to  retain  small  quantities  of  sulphate  of  potash. 

The  analysis  is  attended  with  considerable  inconvenience 
when  magnesia  happens  to  be  present ;  because  this  earth  is 
not  completely  precipitated  either  by  ammonia  or  its  carba> 
nate,  and  therefore  some  of  it  remains  with  the  fixed  alkali. 
The  best  mode  with  which  I  am  acquainted,  is  to  precipitate 
the  magnesia,  by  phosphate  of  ammooia ;  subsequently  re- 
covering from  the  filtered  solution  the  excess  of  phosphoric 
acid  by  acetate  of  lead,  and  that  of  lead  by  sulphuretted 
hydrogen.  The  acetate  of  the  alkali  is  then  brought  to  dry- 
ness, ignited,  and  by  the  addition  of  sulphate  of  ammonia 
converted  into  a  sulphate. 

In  the  preceding  account,  several  operations  have  been  al- 
luded to,  which,  from  their  importance,  deserve  more  par- 
ticidar  mention.  The  process  of  filtering,  fur  example,  is 
one  on  which  the  success  of  analyses  materially  depends. 
Filtration  is  effected  by  means  of  a  glass  funnel  B, 
into  which  a  filter  C,  of  nearly  the  same  size  and  Vc 
fonn>  made  of  white  bibulous  paper,  is  inserted.  '~~ 
For  researches  of  delicacy,  the  filter,  before  being 
used,  is  macerated  for  a  day  or  two  in  water  acidu- 


ted.     ^gm 
idu-      I      I 
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CompoMm  i^  Mineral  Waiersf^CkmiinMed. 


LxAMiNOTOV,  saline.    Scadamoie. 

Specific  gravity  1*01 19. 

Id  a  pint. 

Muriate  of  soda  .    . 

. of  lime   .    • 

of  magnesia 


Bath.    Solid  contents.    Scodamoie. 


Sulphate  of  soda  . 
Oxide  of  iron 


53-75 
28-64 
20-16 
7-83 
a  trace. 


110-38 


Lbamxvgton,  Lord  Aylesford's  spring. 

Scudamore. 

Specific  gravity  10093. 

Ib  a  pint- 


Muriate  of  soda  .    . 
.  of  lime  .    . 

.  ofmasnesia 

Sulphate  of  soda 
Onde  of  iron      •    . 


12-25 
28-24 
5-22 
32-96 
a  trace. 

78-67 


Bristol.    Carrick. 

Temp.  74°.  Specific  gravity  1-00077. 

In  each  pint. 


Carbonic  acid    .    . 

Carbonate  of  lime    . 
Sulphate  of  soda 
_^  of  lime 
Muriate  of  soda 
.^-^—  of  magnesia 


3*5  cub.  in. 

.  1-5  grs. 

.  1-5 

.  1-5 

.  0-5 

.  l- 

6-0 


Bath.      PhilUps. 

Temp.  109"tolir».    8p.  gr.  1-002. 

Id  each  pint. 

Carbonic  acid    ....     1*2  cub.  in. 


Muriate  of  lime 
of 


Sulphate  of  lime 
of  soda 


SiUca        

Oiide  of  iron     .    •    • 
Loss,  partly  caib.  of  soda 


1-2  grs. 

1-6 

9-5 

•9 

•2 

•01905 

•58015 


Mr.  Cuff  has  found  both   potash  mad 
iodine  in  the  Bath  watecs. 


Carbonate  of  lime 
Sulphate  of  soda 
-  of  lime 
Muriate  of  soda 
Silica       .     .    . 
Oxide  of  iron     * 


0-8 
1-4 
9-3 
3-4 
0-2 
a  trace. 


BuxTOV.    Scudamore. 

Sp.  gr.  at  60*.  1-0006.    Temp.  82f*. 

In  a  wine  galloB. 

Carbonic  acid    •    .    •    •    1*5  cub.  in. 
Nitrogen *^* 

Muriate  of  magm^wa      .    .  -58  grs. 

of soda    ....  2-40 

Sulphate  of  lime  ....  *6 

Canwnate  of  lime     .     .     •  10*40 

Extractive  and  vegetable  I  q.^ 

matter J 

Loss O-S^ 

15* 

Or,  according  to  Dr.  Mumy  s  news. 

Sulphate  of  soda       •  .  •  0-^ 

Muriate  of  lime       •  •  •  0-67 

of  soda        .  -  .  l'«0 

-—^— of  magnesia  .  •  0  58 

Carbonate  of  (me    .  •  •  10-40 

Extract  and  loss       .  .  •  1*02 

15O0 


15-1 


Matlock  Batb.    Scndamoie. 

Temp.  68°.    Sp.  gr.  1*0003. 

Free  carbonic  acid. 

Muriates  and    I  raagnema,  Kme. 

sulphates  of  J         soda  t 
in  very  minute  quantities  not  y«l 

tained. 
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and  communicates  the  property  called  hardneu.  Hard  water 
is  characterized  by  decomposing  soap,  the  lime  of  the  former 
yielding  an  insoluble  compound  with  the  margaric  and  oleic 
add  of  the  latter.  If  this  defect  is  owing  to  the  presence  of 
carbonate  of  lime,  it  is  eaaly  remedied  by  boiling,  when  free 
carbonic  acid  is  expelled,  and  the  insoluble  carbonate  of  lime 
subsides.  If  sulphate  of  lime  is  present,  the  addition  of  a 
little  carbonate  of  soda,  by  precipitating  the  lime,  converts 
the  hard  into  soft  water.  Besides  these  ingredients,  the  mu> 
riates  of  lime  and  soda  are  frequently  contained  tn  spring 
water. 

Spring  water,  in  consequence  of  its  saline  impregnation,  is 
frequently  unfit  for  chemical  purposes,  and  on  these  occasions 
distilled  water  is  employed.  Dutillalion  may  be  performed 
on  a  small  scale  by  means  of  a  retort  in  the  body  of  which 
water  is  made  to  boil,  while  the  condensed  vapour  is  received 
in  a  glass  flask,  called  a  rtctpient,  which  is  adapted  to  its 
bealc  OF  open  extremity.  This  process  is  more  conveniently 
conducted,  however,  by  means  of  a  still. 

The  different  kinds  c^  mineral  water  may  be  conveniently 
arranged  for  the  purpose  of  description  in  the  six  divisions  of 
acidulous,  alkaline,  chalybeate,  sulphurous,  saline,  and  sili- 
ceous springs. 

1.  Acidulous  springs,  of  which  those  of  Seltzer,  Spa,  Pyr- 
mont,  and  Carlsbad,  are  the  most  celebrated,  commonly  owe 
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TABLE  of  Chemical  Equivalents,  Atomic  Weights,  or  Pro^ 
portional  Numbers,  Hydrogen  being  taken  as  Unity. 

From  the  full  account  already  given  of  the  Laws  of  Com- 
bination and  of  the  Atomic  Theory,  it  will  be  superfluous  to 
describe  the  uses  of  a  table  of  Equivalents.  The  only  ex- 
planation required  in  connexion  with  this  subject  relates  to 
the  ingenious  contrivance  called  the  Scale  of  Chemical  tqui" 
valents,  devised  by  the  late  Dr.  Wollaston.  This  useful  in- 
strument is  a  table  of  equivalents,  comprehending  all  those 
substances  which  are  most  frequently  employed  by  chemists  in 
the  laboratory ;  and  it  only  differs  from  other  tabular  arrange^ 
ments  of  the  same  kind,  in  the  numbers  being  attached  to  a 
sliding  rule,  which  is  divided  according  to  the  principle  of 
that  of  Ouiiter.  From  the  mathematical  construction  of  the 
scale,  it  not  only  serves  the  same  purpose  as  other  taUes  of 
equivalents,  but  in  many  instances  supersedes  the  necessity  of 
ccdculation.  Thus,  by  inspecting  the  common  table  of  equi- 
valents, we  learn  that  87'15  parts,  or  one  equivalent  of  sul- 
phate of  potash,  contain  40  parts  of  sulphuric  acid  and  47*15 
of  potash ;  but  recourse  must  be  had  to  calculation,  when  it 
is  wished  to  determine  the  quantity  of  acid  or  alkali  in  any 
other  quantity  of  the  salt.  This  knowledge,  on  the  contrary, 
is  obtained  directly  by  means  of  the  scale  of  chemical  equi- 
valents. For  example,  on  pushing  up  the  slide  until  100 
marked  upon  it  is  in  a  line  with  the  name  sulphate  of  potash 
on  the  fixed  part  of  the  scale,  the  numbers  opposite  to  the 
terms  sulphuric  acid  and  potash  will  give  the  precise  qauntity 
of  each  contained  in  100  parts  of  the  compound.  In  the 
original  scale  of  Dr.  Wollaston,  for  a  particular  account  of 
which  I  may  refer  to  the  Philosophical  Transactions  for 
1814,  oxygen  is  taken  as  the  standard  of  comparison;  but 
hydrogen  may  be  selected  for  that  purpose  with  equal  pro- 
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ash  sometimes  exists  in  them,  and  Berzelius  has  found  lithia 
in  the  spring  of  Carlsbad.  It  has  lately  heen  discovered  that 
the  presence  of  hydriodic  acid  in  small  quantity  is  not  unfre- 
quent.  As  examples  of  saline  water  may  be  enumerated  the 
springs  of  Epsom,  Cheltenham,  Bath,  Bristol,  Bareges,  Bux- 
ton, Pitcaithly,  and  Toeplitz. 

The  first  object  in  examining  a  saline  spring  is  to  deter- 
mine the  nature  of  its  ingredients.  Muriatic  acid  is  delected 
by  nitrate  of  silver,  and  sulphuric  acid  by  muriate  of  baryta ; 
and  if  an  alkaline  carbonate  be  present,  the  precipitate  occa- 
sioned by  either  of  these  tests  will  contain  a  carbonate  of  silver 
or  baryta.  The  presence  of  iinie  and  magnesia  may  be  dis- 
covered, the  former  by  oxalate  of  ammonia,  and  the  latter  by 
phosphate  of  ammonia.  Potash  is  known  by  the  action  of 
muriate  of  platinum.  (Page  451 .)  To  detect  soda,  the  water 
should  be  evaporated  to  dryness,  the  deliquescent  salts  re- 
moved by  alcohol,  and  the  matter  insoluble  in  that  menstruum 
taken  up  by  a  small  quantity  of  water,  and  be  allowed  to  crys- 
tallize by  spontaneous  evaporation.  The  salt  of  soda  may 
then  be  recognised  by  the  rich  yellow  colour  which  it  com- 
municates to  fiame.  (Page  455.)  If  the  presence  of  hydriodic 
acid  be  suspected,  the  solution  is  brought  to  dryness,  the  so- 
luble parts  dissolved  in  two  or  three  drachms  of  a  cold  solu> 
don  of  starch,  and  strong  sulphuric  acid  gradually  added. 
(P.ge  337.) 
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hydro-flooric,  H+F        .      19-66 
formic,  2(C-hO)+rH-hO)  37 
fluo-silicic,  Si+Fl  .      26*18 

hydriodic,  H+I      • 
hydrobromic,  H-f  B 
hydrocyamc,  H-f  (2C-f  N) 
hydrosulphuric,  H+S 
hydixMelenic,  H-f  Se 
hyposulphurotts,  2S+20 
hyposulphnric,  2S-{-50 
io&,  I+50 
malic.  4C+lH-f  40 
mangamic,  Mn+30 
molybdic,  Mo+30 
manatic,  H-{-Cl 
nitric,  N-f  60 

liquid  with  2  aq.  (Sp 

gr.  1'6) 
nitrooft,  NH-40 
oxalic,  2C+30      . 
c*3  aq*       •        • 
perchloric,  €1+70 
permanganic,  2Mn+70 
phosphorons,  P-fllO 
phosphoric,  PH-2iO 
pyrogallic       •        • 
fldeniottt,  Se+160 
■elenic,  Se-f  240    . 
ffQCcinic,  4C+2H+30 
salphuric,  S-f-30    . 

liquid,  I  aq.  (sp.  gr 
1*8485) 
sulphurous,  8+20 
tartaric,  4C+2H+50 

c.  1  aq.  •        • 
titanic,  Ti-|-20 
tungstic,  Tu-f  30    . 
uric,  6CH-2N+10 

Alcohof,*(2H+2C)+(H+0) 

Alnmina,  Al-f  1)0 

Antimony,    . 

sesquichloride,  Sb-f  1|C1 
oxide,  SbH-l|0      . 
sesquisulphuret,  Sb+HS 
bisulphuret,  Sb+2S 
persolphuTet,  Sb+2tS 

Azsenic         .        * 

sulphnret,  (realgar)  As+S 
sesquisulphuret,  As+liS 
persulphuret,  As-f-2iS    . 

Barium         •        •        •        • 
chloride,  Ba+Cl    . 
oxide,  (baryta)  Ba-f  O    . 

Barium  peroxide,  Ba+20 
sulphuret,  Ba+S    • 

Bismuth,       ....      71 
chloride,  Bi-f  CI     .        .    106*46 
oxide,  Bi-fO  .        .      79 

sulphuret,  Bi-f  S    .        .      88 

Cadmium,     ....      55*8 
chloride,  Cd+Cl    .  91*25 

oxide,  Cd+O  .      63-8 

sulphuret,  Cd+S    .        .      71-8 


127 

79*26 

27 

17 

41 

48 

72 
166 

57 

51*7 

71*7 

36  45 

54 

72 
46 
36 
63 

91*45 
111*4 
27*7 
35*7 
63t 
56 
64 
50 
40 

49 
32 
66 
75 
40*3 

123*7 
72 
90 
23 
25*7 
64-6 

10005 
76*6 
88*6 
96*6 

104*6 
37*7 
53*7 
61*7 
77*7 
68*7 

10415 
76*7 
84*7 
84*7 


Calcium, 

chloride,  Ca-fCl    . 
oxide,  (lioie)  Ca-{-^ 
sulphurat,  Ca-fS    • 
phosphuret,  Ca+P 

Caibon,        .        •        • 
chloride,  C-f  CI      . 
perehloride,  2C+3C1 
oxide,  C-hO  • 

bisnlphujet,  C-f  2S 

Cennm,        •        •        • 
oxide,  Ce-f  O 
peroxide,  Ce-f  1|0 

Chloral,  9C+6C1+40 

Chlorine,      .        • 
oxide?  Cl+0 
peroxide,  C1+40  . 

Chromium,    ... 
chloride,  Cr+liCl 
terchloride.  Cr-f  3C1 
terfluoride,  Cr-f3F 
oxide,  Cr-f  UO 

Cobalt, 

chloride,  Co-f  CI    • 
oxide,  Co-f  O 
peroxide,  Co-f  1(0 
sulphuret,  Co-f^   • 

Copper,  •  •  • 
dichloride.  2Cu-f  CI 
chloride,  Cu+Cl  . 
dioxide,  2Cu-fO  . 
oxide  (black)  Ca-f  O 
disolphuret,  2CiiHhS 
sulphuret,  Cn-f  S    • 

Cyanogen,  2C-f  N 

Ether,  2(2C+2H)+(H+0) 

Giucina,  G-f  O     . 

Gold    .... 
chloride,  Au-f  CI    • 
terchloride,  Au+3C1 
oxide,  Au-f  O 
teroxide,  Au+30  . 
teisulphnret,  Au-f  3S 

Hydrogen,     •        •        • 
aneniuretted.As+H 
caiburetted  (light)  C-f  2H 


20-5 
65*95 
38*6 
36*6 
36-2 
6 

41*4S 
106*35 
14 
38 
46 
64 
68 

212*7 
35*45 
43-45 
67*45 
28 
45*73 

134*35 
84*04 
40 
29*5 
64*95 
37-5 
41-5 
45-5 
31*6 
98'«5 
66-06 
71.3 
39-6 
79*2 
47-6 
26 
37 
26*7 

200 

235-45 

306*35 

306 

334 

248 
I 

38-7 
8 


carburetted  (heavy)  2C-f2H  14 
Iron     •        •        •        • 

chloride,  Fe-f  CI     . 

perehloride,  Fe-f  Ua 

oxide,  Fe-f  O 

peroxide,  Fe-f  I40 

sulphuret,  Fe-f  S    . 

bisulphuret,  Fe-f  2S 
I^ead,  ... 

chloride,  Pb-f  a    . 

iodide,  Pb+I 

oxide,  Pb-f  O 

sesquioxide,  Pb-f  1|0 

peroxide,  Pb-f  20 

sulphuret,  Pb-f  8 
Lithium, 

chloride,  L-f  CI      . 

oxide,  (Uthia)  L-f  O 


63-45 
80-7 


40 
44 

60 

103-5 
138-95 


1113 
115-5 
119-5 
119-5 

10 

45-45 

18 


ANALYSIS  OF  UINBRAL   WATERS.  9ti0 

parti  of  water  from  the  Frith  of  Forth  contain  32001  parts 
of  cominon  salt,  33'16  of  sulphate  of  soda,  42*08  of  muriate 
of  magnesia,  and  7*84  of  muriate  of  lime.  Dr.  WoUaston  has 
detected  potash  in  sea  water,  and  it  likewise  contains  small 
quantities  of  bydriodic  and  hydrobromic  acids. 

The  water  of  the  Dead  Sea  has  a  far  stronger  saline  im< 
pronation  than  sea  water,  containing  one-fourth  of  its  weight 
of  solid  matto-.  It  has  a  peculiarly  bitter,  saline,  and  pun- 
gent taste,  and  its  specific  gravity  is  1-211.  According  to  the 
analysis  of  Dr.  Marcet,  100  parts  of  it  are  composed  of  mu< 
riate  of  magnesia  10246,  muriate  of  soda  10*36,  muriate  of 
lime  3*92,  and  sulphate  of  lime  0*054.  In  the  river  Jordan, 
which  flows  into  the  Dead  Sea,  Dr.  Marcet  discovered  the 
same  principles  as  in  the  lake  itself. 

6.  Siliceous  waters  are  very  rare,  and  in  those  hitherto  dis- 
covered the  silica  appears  to  have  been  dissolved  by  means  of 
soda.  The  most  remarkable  of  these  are  the  boiling  springs 
of  the  (Peyser  and  Rykum  in  Iceland,  a  gallon  of  which,  ac- 
cording to  the  analysis  of  Dr.  Black,  contains  the  following 
substances :  (Edinburgh  Philos.  Trans,  iii.  95.) 

Gsynr.  RjkDm. 

Soda,  5'S6  30 

Alumina,  2-80  0-29 

Silica,  31'SO  91-83 

Muriate  of  Soda,  1443  1696 
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.} 


coppdiy  (neatral)  Cu-f  tu: 
c   1  aq. 

— (diacetate)  2Cu-^-ac 
-|-6aq     . 

— (triacetate)  3Cu4-ac 
-fljaq 

lead,  Pb+ac 

c.  3  aq*       ... 

—(diacetate)  2Pb-fac    . 

—(triacetate)  3Pb-|-ac  . 

lime,  Ca-j-ac 

magnesia,  Mg4*&c 

mercuiy,  Hg-}-ac    . 

potash,  Po-|-ac 

silver,  Ag-f-ac 

stroDtia,  Sr+^e 

zinc,  Zn+ac 
c.  7  aq.  M 

Arseniate  of  lead,  Pb-|-ac 

lime,  Ca+^c 

potash,  Po-f  ac 

Binarseniate  of  potash, 

Po+2ac     . 

c.  2  aq       .        • 

Araeniate  of  soda,  So-f  ac    . 
Binarseniate  of  soda,  So+2ac 

c.  12|  aq.       .         . 
Arseniate  of  silver,  3Ag+2ac 

Carbonate  of  baryta,  Ba+C  . 

•       •. 

copper,  Cu-j-C 

•       •• 
iron,  Fe+C  . 

leadi  Pb+C 

lime,  Ca+C 

•  ** 

magnesia,  Mg+C 

•       •• 
manganesci  Mn-f-C        • 

potash,  Po-|-C 

Bicarbonate  of  potash,  ^0-1-20 
c.  1  aq  . 

Carbonate  of  soda,  So^-C 

c.  10  aq  .V  ^^ 

Bicarbonate  of  soda,  jPq-|-2C 
c.  1  aq 

Carbonate  of  strontia,  Sr-|-C  . 

•  •  a. 

zinc,  Zn-f-C 
Chlorate  of  baryta,  Ba-)-Cl    • 

lead,  Pb+6l       .  . 

mercury,  Hg-f-C^   • 

potash.  Po+C'l 
Chromate  of  baryta,  Ba-f  Cr  . 

lead,  Pb+Cr 

•         •  •  • 

mercury,  Hg+Cr   . 

potash,  Po+Cr       .     ,.. 
Bichromate  of  potash ,  Po+2Cr 


■1  • 


90-6 
99-6 

184*2 

183-3 

162-5 
189-5 

274 

3855 

79-6 

69.7 
259 

98-15 

167 

102-8 

91-5 
154-5 

169-2 

86-2 

104-85 

162-55 

180-55 

89 

146-7 
259-2 

463-4 

98-7 
61-6 

58 

1335 
50-5 
42-7 

57-7 

69-15 

91-15 
100-15 

63.3 
143-3 

65-3 
74-3 

73-8 

62-5 

15215 

186-95 

283-45 

122*6 
128-7 
163-5 
260 
99*15 
151-15 


Muriate  of  ammonia, 
(3H-hN)+ac 

baryta,  Ba+ac 
c.  1  aq 

lime,  Ca+ac 

c.  6  aq 
magnesia,  Mg-f-ac  . 

strontia,  Sr+ac-fSaq 
Nitrate  of  ammonia, 

•  a 

(3H-fN)-|-N     a 

mm 
m  •  ■* 

barjTta,  Ba-|-N 

bismuth,  Bi+N 
Ca  3  aq 

*       a. 

lead,  Pb+N 

•      «•• 

lime,  Ca-f>N 

magneri*,  Jig+W  . 

a  ••• 

mercuiy,  Hg-h2aq-|-N   • 
potash,  Po+N' 

mm 
•  •  •• 

silver,  Ag-j-N 
soda,  So+N 

mm 
a  ... 

Strontia,  Sr-)-N 

Oxalate  of  ammonia, 

(3H+X)+ac    a 
c.  2  aq. 

baiyta,  Ba4~^ 
Binoxalate  of  baryta  Ba+2ac 
Oxalate  of  cobalt,  Co+ac 

lime,  Ca+ac 

nickel,  Ni+ac 

potash,  Po+ac 
c.  1  aq 
Binoxalate  of  potash,  Po+2ac 

c.  2  aq 
Quadroxalate  of  potash, 

Po-|-4ac     a 
c.  7  aq  •        •         • 

Oxalate  of  strontia,  Sr+ac 

Phosphate  of  ammonia, 
(3H-fN)-fac     a 
c.  2  aq 

baryta,  Ba+ac 

Phosphate  of  lead,  Pb-f  ac     • 

lime»  Ca-f-ac 

a 

magnesia,  Mg-J-ac 

• 

soda,  So-H*c 
c.  12|  aq    • 

Sulphate  of  alumina, 

J(  Aj)-i-S*      a 

ammonia, 

(3H+N).fS.flaq     . 
baryta,  Ba-f  S 

copper,  Cu-f  S 
c.  5  aq      a 


53-45 

lis*  16 
122-15 

64-95 

118-95 

57-15 

160^25 

71 
130-7 

133 

160 

165-5 
82-5 
74-7 

280 

101-15 

170 
85-3 

105-8 

53 
71 

112-7 

148-7 

73-5 

64-5 

73-5 

83-15 
92-15 

119-15 
137-15 

19M5 
25415 

87-8 

52-7 
70-7 

112-4 

147-2 

64^ 

55-4 

67 
179-5 

65-7 

G6 
ll«-7 


124-6 


COMPOSITION    OP    MINERAL    WATES8. 

Conqiotition  <^  Mineral  Water*, — Gmtmued. 

II.    SVLPHUKETTED  WATERS. 
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TABLE  n. 

TABLE  cf  the  elasHc  Farce  of  Aqueous  Vapofur  ai  different 
Temperatures^  expressed  in  Inches  (^Mercury, 


Temp. 

Force  of  Vapour. 

Temp. 

Force  of  Vapour. 

Temp. 

Force  of  Vapour,  j 

Dalton. 

Ure. 

Dalton. 

Ure. 

Daltoo. 

Ure. 

32- R 

0-200 

0-200 

79»R 

0-971 

126"  F. 

3-89 

33 

0-20'7 

80 

1-00 

1-010 

127 

4-00 

34 

0-214 

81 

1-04 

128 

4-11 

35 

0-221 

82 

1-07 

129 

4-22 

36 

0-229 

83 

1-10 

130 

4-34 

4*866 

37 

0-237 

84 

1-14 

131 

4-47 

38 

0*245 

85 

1-17 

1-170 

132 

4-60 

39 

0-254 

86 

1-21 

133 

4-73 

40 

0-263 

0-250 

87 

1-24 

134 

4-86 

41 

0-273 

88 

1-28 

135 

5HN) 

6070 

42 

0-283 

89 

1-32 

136 

5-14 

43 

0-294 

90 

1-36 

1-360 

137 

5-29 

44 

0-305 

91 

1-40 

138 

5-44 

45 

0-316 

92 

1-44 

139 

5-59 

46 

0-328 

93 

1-48 

140 

5-74 

5-770 

47 

0-339 

94 

1-53 

141 

5-90 

48 

0-351 

95 

1-58 

1-640 

142 

M5 

49 

0-363 

96 

1-63 

143 

6-21 

50 

0-375 

0-360 

97 

1-68 

144 

6-37 

51 

0-388 

98 

1-74 

145 

6-53 

6-600 

52 

0-401 

99 

1-80 

146 

6-70 

53 

0-415 

100 

1-86 

1-860 

147 

6-87 

54 

0-429 

101 

1-92 

148 

7-05 

55 

0-443 

0-416 

102 

1-98 

149 

7-28 

56 

0-458 

103 

2-04 

150 

7-42 

7-580 

57 

0-474 

104 

2-11 

151 

7-61 

58 

0490 

105 

2-18 

2-100 

152 

7-81 

59 

0-507 

106 

2-25 

153 

8-01 

1 

60 

0-524 

0-516 

107 

2*32 

154 

8-20 

1 

61 

0-542 

108 

2-89 

155 

8-40 

8-500 

62 

0-560 

109 

2-46 

156 

8-60 

63 

0-578 

110 

2-53 

2-456 

157 

8*81 

64 

0-597 

111 

2-60 

158 

9H)2 

65 

0-616 

0-630 

112 

2-68 

159 

9-24 

66 

0-635 

113 

2-76 

160 

9-46 

9..600 

67 

0-655 

114 

2-84 

161 

9-68 

68 

0-676 

115 

292 

2-820 

162 

9-91 

69 

0-698 

116 

3-00 

163 

10-15 

70 

0-721 

0726 

117 

3-08 

164 

10-411 

71 

0-745 

118 

3-16 

165 

10^8 

10-600 

72 

0-770 

119 

3-25 

166 

10-96 

73 

0-796 

120 

3-33 

2-300 

167 

11-25 

74 

0-823 

121 

3-42 

168 

11-54 

75 

0-854 

0*860 

122 

3-50 

169 

11-83 

76 

0-880 

123 

3-59 

170 

12-13 

12O50 

77 

0-910 

124 

369 

171 

12-43 

1  78 

0-940 

125 

3-79 

3-830 

172 

12-78 

COMPOSITION   OF  MINERAL   WATEKI. 


Comporition  cf  Mineral  Waten^—Gmtitaied. 
IV.  Chalybutb  Waters. 

Specific  gravitj  100106. 
Cubonic  add  gu    .    .    .    3|  cab.  i 


Snlpbate  of  linw    . 
C*HKiD>la  of  lima 
Ondaofinm    .    . 
Tim*  of  raanguun,  mpt- 
Uble  fibre,  lilica,  &c. 


2-46 
0-39 
0-3S 


CaiiTiitBiii.    Brudc  ud  Pukca. 
8peci6c  p»n^  1-0093 . 


Hnriata  of  nda 
Oxide  of  inn      . 


MnriaUofaoda 


0-75 
0-14 
0-19 


HtaRooiTi,  Oddie'a  chal]rbeato. 

ScnduDon. 

Specific  graiii;  l-DOSS. 
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TABLE  III. 

Dr.  lire's  Table,  showing  the  elastic  Force  of  the  Vapours  of 
Alcohol,  Ether,  CHI  of  Turpentine,  and  Petroleum  or 
Naphtha,  at  different  Temperatures,  expressed  in  Inches  of 
Mercury. 


Ether. 

Alcohol  tp 

.gr.O-813. 

Alciriiol  sp, 

gr.9«l3. 

Petrolcnn. 

Temp. 

Force  of 

Temp. 

Force  of 

Temp. 

Force  of 

Temp. 

Force  o< 

Vapour. 

Vapour. 

VapoDf. 

Vapovr. 

34 

6-20 

32 

0-40 

193.3« 

46-60 

316^ 

30O0 

44 

8-10 

40 

0-56 

196.3 

50-10 

320 

81-70 

54 

10-80 

45 

0-70 

200 

53-00 

325 

34-00 

64 

13-00 

50 

0-86 

206 

60-10 

330 

36-40 

74 

16-10 

55 

1-00 

210 

65-00 

335 

38-90 

84 

20-00 

60 

1.23 

214 

69-30 

340 

41*00 

94 

24-70 

65 

1-49 

216 

72-20 

345 

44-10 

104 

30-00 

70 

1-76 

220 

78-50 

350 

46*86 

105 

30-00 

75 

2-10 

225 

87-50 

355 

50-20 

110 

32-54 

80 

2-45 

230 

94-10 

360 

53-30 

115 

35-90 

85 

2-93 

232 

97-10 

365 

56-90 

120 

39-47 

90 

3-40 

236 

103-60 

370 

60-70 

125 

43-24 

95 

3-90 

238 

106-90 

372 

61-90 

130 
135 

47-14 
51-90 

100 
105 

4-50 
5-20 

240 
244 

111-24 
118-20 

375 

64-00 

140 
145 

56-90 
62-10 

110 
115 

6.00 
7-10 

247 

248 

122-10 
126-10 

OllotTur^tmOm^ 

Temp. 

Pqwc  or 
Vapoar. 

150 

67-60 

120 

8-10 

249-7 

131-40 

155 
160 

73-60 

125 

9-25 
10-60 

250 
252 

132-30 
138-60 

9  %^   \f\^ 

80-30 

130 

804«> 

30-00 

165 

86-40 

135 

12-15 

254-3 

143-70 

307-6 

32-60 

170 

92-80 

140 

13-90 

258-6 

151-60 

310 

33-50 

175 

99-10 

145 

15-95 

260 

155-20 

315 

35-20 

180 

108-30 

150 

18-00 

262 

161-40 

320 

37-06 

185 

116-10 

155 

20>^30 

264 

166-10 

322 

37*80 

190 

124-80 

160 

22-60 

326 

40^0 

195 

133-70 

165 

25-40 

330 

42-10 

200 

142-80 

170 

28-30 

336 

4500 

205 

151-30 

173 

30-00 

340 

47-30 

210 

166-00 

178-3 

33-50 

343 

49^0 

180 

34-73 

347 

51-70 

182-3 

36-40 

350 

53-60 

185-3 

39-90 

354 

56-60 

190 

43.20 

357 
360 
362 

58-70 
60-80 
62-40 

APPENDIX.  971 

priety,  and  scales  of  this  kind  have  been  prepared  for  sale 
by  Dr.  Boswell  Reid  of  Edinburgh.  A  very  complete  scale 
of  equivalents  has  be«i  drawn  up  by  Mr.  Prideaux.  (Phil. 
Mag.  and  AnnaU,  viii.  430.) 


Equivalents  of  Elementary  Substancet. 
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TABLE  V. 


Dr.  lire's  Table  of  the  Quantity  of  Real  or  Anhydrous  Nitric 
Acid  in  100  Parts  of  Liquid  Acid^  at  different  Densities. 


specific 
Gravity. 

Real  acid 

in  100  puis 

of  the  Liquid. 

specific 
Gravity. 

Real  acid 

in  100  parta 

of  tlie  Uqaid. 

t 

Specific 
Gravity. 

1 

Real  add 

iJi  IO«pvla 

«f  Ibe  liqaid. 

1-5000 

79-700 

1-3783 

52-602 

1-1895 

26-301 

1-4980 

78*903 

1*3732 

51-805 

1-1833 

25-504 

1-4960 

78-106 

1-3681 

51-068 

1-1770 

24-707 

1-4940 

77-309 

1-3630 

50-211 

1-1709 

23-910 

1*4910 

76-512 

1-3579 

49-414 

M648 

23-113 

1-4880 

75-715 

1-3529 

48-617 

1-1587 

22-316 

1-4850 

74-918 

1-3477 

47-820 

1-1526 

21-519 

1-4820 

74121 

1-3427 

47-023 

1-1465 

20-722 

1-4790 

73-324 

1-3376 

46*226 

11403 

19^25 

1-4760 

72-527 

1-3323 

45-429 

1-1345 

19-128 

1-4780 

71-730 

1-3270 

44-632 

1-1286 

18-831 

1-4700 

70-933 

1*3216 

43-835 

1-1227 

17-534 

1-4670 

70-136 

1-3163 

43-038 

1-1168 

16-737 

1-4640 

69-339 

1-3110 

42-241 

1-1109 

15-940 

1-4600 

68-542 

1-3056 

41-444 

1-1051 

15-143 

1-4570 

67-745 

1-3001 

40-647 

1-0993 

14-346 

1-4530 

66-948 

1-2947 

39-850 

1-0935 

18-549 

1-4500 

66*155 

1-2887 

39-053 

1-0878 

12-752 

1-4460 

65-354 

1-2826 

38*256 

1-0821 

11-955 
1M58 

1*4424 

64-557 

1*2765 

37-459 

'   1-0764 

1-4385 

63-760 

1-2705 

36-662 

1-0708 

10-361 

1-4346 

62-963 

1-2644 

35-865 

1-0651 

9-564 

1-4306 

62*166 

1*2583 

35-068 

1-0595 

8-767 

1-4269 

61-369 

1-2523 

34-271 

1*0540 

7-970 

1-4228 

60-572 

1-2462 

33-474 

1-0485 

7-173 

1-4189 

59-775 

1-2402 

32-677 

1-0430 

6-876 

1-4147 

58-978 

1-2341 

31-880 

1-0375 

5-579 

1-4107 

58-181 

1-2277 

31-083 

1-0320 

4-782 

1-4065 

57-384 

1-2212 

30-286 

1-0267 

8-985 

1-4023 

56-587 

1*2148 

29-489 

1-0212 

8-188 

1-3978 

55-790   ■ 

1-2084 

28-692 

1-0159 

2-891 

1-3945 

54-993   ! 

1-2019 

27-895 

1-0106 

1-594 

1-3882 

54196 

1-1958 

27-098 

1-0058 

0-797 

1-3833 

53-399 
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M]pbanl,L+S      . 

36 

<»a«.AH-o 

116 

13-7 

«lph«rt.Ag+8   . 

134 

chloride.  Mg+CI  . 

48- IS 

Sodiam,       .       .       . 

33-3 

oxide.  Mg+O        . 

16-7 

chloride,  So+Cl     . 

88-75 

27-7 

iodide,  So+I 

149-3 

chloride,  Mn+Cl    . 

6316 

Mide,  (wd.)  So+0 

31-3 

perehloride,  3Mn+7CI 

903-55 

peroiide,  So+UO 

36-3 

oiide.  Mn+O 

36-7 

uilphuiet.  So+S    . 

393 

397 

StfODtium      .       T       . 

43-8 

bino>ide,  Mo+iO 

«-7 

chloride.  Sr+Cl 

79-35 

red  oude,  3Mn+40 

ns-i 

iodide.  8r+l 

168-8 

»«mcit«,  <Mn+70 

166-8 

oiide.  (itronlU)  3r+0 

618 

nlphurel,  Md+S 

43-7 

mlphurel.  8r+3    . 

69-8 

"^hToride,"  Hg+CI    '. 
bichloride.  Rg+aCl 
iodide.  Hg+f         . 

300 

Sulphur         .        .        . 

16 

335-45 

chloride 

61-46 

270-9 

scr'."^- : 

17 

336 

33-3 

Uniodide.  Hg+al 
oilde.  Hg+6 

453 

chloride,  Te+CI    . 

67-66 

908 

bichloride,  l'ei-3Cl 

103-1 

binoiide,  IJE+20 

wiphuxi.  rif+s 

316 

oiide,  r«+o 

40-3 

316 

Tin       ...        . 

67-9 

333 

93-35 

47-7 

bichloride,  St+3a 

128-8 

oiide.  Mo+O        . 

85-7 

oude.  Si+0 

SS« 

binoiide,  Mo+30  . 

«3*7 

Unoiide.  St+30   . 

73-9 

79-7 

nilphar<t,Sl+S     . 

73-9 

85-7 

bUdphoiel.  81+33 

89-9 

Nickel.          .        .        . 

39-5 

TiUDiom       .        .        . 

34-3 

chloride,  Ni+Cl     . 

64-95 

bichloride,  TI+3C1 

59' 86 

oiide.  N.+O 

37-5 

oiide.  T.+O 

32-3 

41-5 

S6-3 

Mlpharet,  N.+S    . 

46-5 

Tiwoic  Mid.  T1+30     . 

40-3 

K*:^ret,2C+N' 

14 
36 

TuBpten      .        .        . 
oxide,  Tn+30 

99-7 
116-7 

chloride,  N+4C1 

155-8 

«id.  Tu+30 

123-7 

iodide,  N+3I 

393 

68-6 

oiide.  N+O 

33 

bichloride.  V+3C1 

139-* 

faiaonde.  N+30    . 

30 

174-85 
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iron.  Fe+8   .        . 

76 

C.10«,_ 

161-7 

'^■•*"1...  -        ■ 

130 

ilrontia,  8r+S'       . 

«l-8 

i»d,H+s' 

151S 

anc.  Zn+S 

80-5 

lime,  Ct+S 

6e-& 

c.  7 «,        ,        . 

143-5 

c.  a  aq       .        . 

66-5 

alumina  and  potaih. 

lithia.  i+S  .        . 

58 

(M+as)+iPo+S) 

SSS'SS 

mapie.«i.  lig+'S 

60-7 

c.  24  .q.  (alum) 

474-55 

■=■'«?      ...    ■ 

m-7 

Taitrmleoflood,  l'b+»c 

177-5 

■nercojy,  Hg+S     . 

248 

lime,  C«+ac 

!»4'5 

potaih,  i*D+«c 

113-15 

Hg+as    . 

age 

Bitaitiale  of  polaih.  Po+K  . 

179-ia 

Salphate  of  patsuh.  Po+'S 

8715 

c.  1  aq.  tcream  of  Urtar) 

18816 

Uiiulphtle  of  potuh,  i'a+i's 

127- 15 

Tartrate  ofanlimony  aod  pot- 

•^■S'l        .     ... 

14&-I5 

a.h.(Po+ac)+(Sb+ac) 

332-35 

8tilphateorsod>,So+S 

71-3 

360-S6 
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Amalgam,  ammoniacal, 

230 
Amber  and  its  acid,  790 
Ambergris  and  ambreine, 

887 
Ammonia,  359 

solution  of,  361 
character  of  tbe  salts 
of,  360 
Ammoniaret  of  copper,  660 
Amnios,  liquor  of,  879 
Amidine,  816 
Analysis  de6ned,  6 
Analysis,  proximate    and 
ultimate,  of  organic 
substances,  725 
of  minerals,  952 
of  gases,  949 
of  mineral  waters, 
960 
Animal  chemistry,  863 
proximate  principles, 

863 
substances,     analysis 

of,  727 
oils  and  £aits,  880 
heat,  913 
fluids,  887 
Antimony,  regulus  of,  crude 
antimony,  562 
oxides  of,  564 
chlorides  of,  567 
sulphurets  of,  568 
golden  sulphuret  of, 

569 
glass,  crocus,  and  liver 

of,  569 
alloys  of,  625 
'  tartarized,  744 
Anthracite,  810 
Aposepidine,  928 
Aqua  re^a,  347 
Arbor  Ptans,  603 
Satumi,  590 
ArchU,  827 
Argentine  flowers  of  anti< 

mony,  563 
Arrow  root,  818 
Aneniates,  679 
Arsenical  solution  of,  680 
Arsenic,  529 

compounds  of  oxygen, 

530 
tests  of,  in  mixed 

fluids,  532 
alloys  of,  624 
chloride  of,  536 
sulphurate  of,  539 
Arsenites,  680 
Asparagin,  836 
Asphaltum,  808 
Atmospheric  air,  231 
analysis  of,  231 
weiffht  of,  232 
Atom,  what,  198 


Atomic   theory,    Dalton*s 

view  o^  195 
Atomic  weights,  table  of, 
971 

what,  197 
Atropa,  781 

Attraction,    chemical,     5 
and  165 
cohesive,  3 

terrestrial  or  gravity,  3 
Aurum,  musivum,  522 
Azotic  gas,  229 

B 
Balloons,  217 
Balsams,  790 
Barilla,  687 
Barium,  461 

oxides  of,  461 
chloride  and  sulphuret 

of,  463 
Barley,  malting,  856 
Barometer,  correction  of, 

for   the   effects  of 

heat,  29 
Baryta,  461 

Basis,  in  dyeing,  what*  822 
Bassorin,  836 
Batley's    sedative   liquor. 

770 
Baom^'s  hydrometer,  de- 
grees of,  reduced  to 

Sie  common  stand- 
.   ard,  981 
Bell  metal,  626 
Benzoates,  752 
Bile  and    bUiaiy  calculi, 

920 
Bismuth  and  ite  oxide,  574 
magisteiy  of,  574 
chloride,  bromide,  and 

sulphuret  of,  575 
alloy  of,  625 
Bitter  pnnciple,  840 
Bituminous  substances, 

807 
Black  dye,  829 
Black  lead,  513 
Bleaching,  307 
Bleaching  powder,  307 
Blende,  515 
Blood,  887 
Blow-pipe,    with   oxygen 

and  hydrogen,  219 
with  oxygen  &&y  220 
Blue,  Prussian,  707 

dyes,  822 
Boa  constrictor,  urine  of, 

874 
Boiling  jpoittt  of  liquids,  65 
Bones,  944 
Borates,  683 
Borax,  683 
Boracite,  684 
Boron,  295 


Boron,  chloride  of,  327 
Brain,  analysis  of  the,  946 
Brass,  626 
Brazil  wood,  827 
Bromates,  673 
Bromine,  343 
Bronze,  626 
Brucia,  777 
Butyrine,  883 
Butter,  883 

of  antimony,  567 


Cadmium,  517 

oxide  of,  519 
Caffein,  836 
Calamine,  515 
Calcium  and  oxide  of  lime, 
466 
chloride  of,  468 
Calcination,  428 
Calculi,  urinaiy,  939 
biliary,  922 
saUvaiy,  917 
Calomel,  697 
Caloric,  9 

coromunication  of,  1 1 
radiation  of,  15 
effects  of,  23 
expansion     produced 
oy  in  solids,  24 
liquids.  29 
gases,  32 
specific,  45 
capftcitie»    of  bodies 

for,  45 
of  fluidity,  56 
sensible  and  insenai- 

bk,46 
latent,  57 
souroeaof,  84 
quantity  of,  in  hediea» 
61 
Calorimeter,  49 
Calx,  428 
Camphor,  786 
Camphorates,  765 
Cannon  metal,  626 
Canton's  phosphoma,  90 
Caoutchouc,  791 
Capacity  for  caloiic,  44 
Carbon,  262 

compounds  of,    witli 
hydrogen,  363 
nitrogen,  392 
chloride  of,  320 
sulphuret  oC,  419 
Carbonates,  general  pfo- 

parties  of  ,  684 
Carbonates,  paiticubr  de- 
scription of,  684 
Cariwnic  acid,  266 

oxide,  270 
Carbo-sulphttieis,  717 
Carburetled  hydragen*  363 
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Epaom  salts,  653 
Equivalent,  chemical, 
what,  187 

scale  Uble  of,  970 
Erythrogen,  923 
Essentisu  oils,  785 

salt  of  leiLons,  738 
Ether,  797 

acetic,  muriatic,   hy- 
driodic,  804 

hvdro-bromic,  805 

chloric,  805 

nitrous,  803 

pyro'acetic,  805 

sulpho-cyanic,  805 

sulphuric,  798 
Ethiops  mineral,  600 

per  se,  593 
Euchiorine,  314 
Eudiometer,  238 

Hope's,  950 

Volta's,  112 
ETaporation,  70 

cause  of,  70 

Umit  to,  77 
Expansion,  24 

of  solids  by  heat,  24 
liquids  by  do.  29 
^ases  by  do.  32 
Extractive  matter,  840 
Eye,  humours  of,  930 


Farina,  815 

Fat  of  animals,  880 

Feathers,  945 

Fecula,  815 

Fermentation,  845 

Feno-cyanates,  704 

Fibre,  woody,  820 

Fibrin.  865 

Filter,  959 

Fire-damp  of  coal  mines, 

365 
Flame,  366 
Fixed  oils,  782 
Flask  for  digesting,  961 
Flesh  of  animals,  865 
Flint,  488 

Flowers  of  sulphur,  275 
Fluidity  caused  by  caloric, 

55 
Fluoric  acid,  354 
Fluoboric  acid,  356 

borates,  684 
Fluo'silicic  acid  gas,  494 

silicates,  493 
Fluorine,  352 
Fluor  spar,  352 
Flux,  white  and  black, 

744 
Food  of  plants,  861 
Freezing  mixtures,  60 

in  vacuo,  Leslie*s  me- 
thod, 71 


Frigorific  mixtures,    table 

of,  60 
Fulminating  gold,  605 
mercuiy,  404 
platinum,  614 
silver,  603 
Fulminic  acid,  405 
Fuming  liquor  of  Libavius, 

522 
Fungin,  837 
Funnel,  959 
Fusion,  55 

watery,  633 
Fusible  metal,  625 
Fustic,  828 

G 

Galena,  587 
Gallates,  753 
Gall-nuU,  829 
Gall-stones,  923 
Galvanic  battery  or  tnmgh, 
118 
arrangements,  112 
Galvanism,  112 
effects  of,  126 
chemical   agency  of, 

129 
electrical    agency  of, 

126 
connexion    of,    with 

magnetism,  138 
theories  of  its  produc- 
tion, 121 
Gases,  33 

condensation  of,  83 
law  of  expansion  of, 

33 
diffusion  of,  242 
conducting  power  of, 

14 
formula  for  correcting 
the  efiects  of  heat 
on,  33 
specific  caloric  of,  48 
tneir  bulk  influenced 
by   moisture,    and 
the  formula  for  cor- 
recting   its   effect, 
79 
Gases,  mode  of  drying,  82 
Gas,  from  coal  and  oil,  378 
Gastric  juice,  918 
Gelatine,  869 
Germination,  854 
GUding,  624 
Glass,  489 

expansion  of,  by  heat, 

26 
of  antimony,  569 
Glauber's  salt,  651 
Gliadine,  835 
Gludna,  481 
Glucinium,  480 
Glue,  869 


Gluten,  833 

Glycerine,  881 

Gold,  605 

oxides  of,  606 
chlorides  of,  60B 
fulminating     com- 
pound c?,  605 
sufphuietof,  611 
alloys  of,  627 
mosaic  gold,  522 

Golden  snlponret  of  anti- 
mony, 569 

Gong,  Indian,  626 

Goidai^'s  extract,  732 

Gouty  concretions,  876 

Graphite,  513 

Gravel,  urinary,  938 

Gravitation,  2 

Gravity,  effect  of,  on  che- 
mical action,  182 
specific  modes  of  de- 
terminiog,  74  mad 
160 

Growth  of  plants,  857 

Gum,  818 

elastic,  791 

Gum-resins,  790 

Gunpowder,  665 

Gypsum,  652 

H 
Hematin,  828 
Hair,  945 

HaiTogate  waler,  967 
Hartshorn,  spirit  of,  359 
Heat,  animal,  913 

intense,  how  genera- 
ted, 914 
Hematosine,  892 
Hiccoiy,  wild  American, 

828 
Hircine,  863 
Hombeig*s  pyropboms, 

655 
Honey.  813 

stone,  757 
Hoofii,  945 
Hordein,  817 
Horn,  945 
Hom-lead,  591 
Horn-silver,  604 
Humours  of  the  eye,  990 
Hydradds,  salts  of.  692 
Hydrates,  natnie  ci,  2S4 
Hydriodates,  697 
Hydro,    in  what  manner 

employed,  ^4 
Hydro-caxtmietof  chlorine, 
371 

iodine,  371 

bromine,  372 
Hydio-cyanales,  703 
Hydrogen,  216 

peroxide  ef  ,  225 

arseniaretied,  537 
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Sulphuric  Acid,  at  different  Densitiet. 
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Mtoenl   wmten,    analysis 

of,  960 
Minium,  690 
Molasses,  813 
Molybdales,  566 
Molybdenom,  655 

compounds   of,    with 
oxygen,  656 

sulphuret  of,  566 
Mordaunt,  823 
Morphia,  766 
Mother  of  pearl,  945 
Mucilage,  818 
Mucus,  931 

Multiples,  law  of  combina- 
tion in,  189 
Muriates,  693 
Muriatic  ether,  804 
Muscle,  946 

converted  into  fat,  946 
Mushrooms,  peculiar  sub- 
stance of,  837 
Myrica  eerifera,  wax  from, 

791 
Myricin,  792 

N 
Nails  of  animals,  945 
Naphtha,  375 

from  coal  tar,  375 
Naphthaline,  375 
Narcotine,  771 
Narcein,  843 
Neutral  salt,  chancten  of, 

630 
Nentraltation,  630 
Nickel,  526 

oxides  of,  527 
Nitrates,  general  characters 
of,  663 

particnlar  descriptions 
of,  664 
Nitre,  665 
Nitric  acid,  256 

oxide,  247 
Nitrites,  general  characters 

of,  669 
Nitrogen  gas,  229 

protoxide  of,  243 

binoxide  of,  243 
Nitrous  acid,  252 

gas,  267 

oxide,  244 
Nomenclature,  162 

O 
Oil,  Dippel's  animal,  881 

of  vitriol,  279 

of  wine,  798 

gas,  378 
Oils,  animal,  880 

fixed,  782 

volatile,  or  essential, 
785 
Ointment,  792 
Olefiant  gas,  367 


Olive  oil,  784 

OUvile.  838 

Opium,  active  principle  of, 

765 
Organic  chemistry,  721 

substances,  character 
of.  723 
Orpiment,  539 
Osmazome,  946 
Osmium  and  its  oxide,  618 
Oxalates,  737 
Oxalic  acid,   cxystalliaed, 

composition  of,  734 
Oxamide,  739 
Oxidation,  209 
Oxide,  cystic,  942 

zanthic,  943 
Oxides,  what,  209 

nomenclature  of,  163 
Oxygen,  207 
Oxy-hydrogen  blow-mpe, 

219 
Oxiodine,  338 
Oxymuriatic  acid,  302 
Oxymoriate  of  potash,  67^ 


Palladium  and  its  oxide, 

614 
Pancreatic  juice,  918 
Paper,  preparation  of,  for 

tests,  630 
Papin's  digester,  66 
Parafline,  808 
Particles    integrant    and 

component,  5 
Patent  yellow,  591 
Pearls,  945 
Pearlash,  685 
Pectin,  820 
Pericardium,  liquor  of  the, 

930 
Perspiration,  fluid  of,  933 
Petroleum,  808 
Pewter,  625 
Phenecin,  825 
Phlogilton,  212 
Phocenin,  883 
Phosgene  gas,  325 
Phosphates,  general   cha- 
racters of,  673 

particular  description 

of,  674 

Phosphatic  acid,  293 

Phosphorescence,  90 

Phosphoric  acid,  288 

ether,  800 
Phosphorous  acid,  292 
Phosphoras,  286 

with  oxygen,  288 

oxides  of,  294 

with  chlorine,  324 

with  iodine,  34Z 

Canton's,  90 
Phosphuret,  metallic,  442 
Phosphuret  of  lime,  471 


Phosphuratted  hydrogen 

gM,587 
Photometer,  92 
Picromel,  921 
Picrotoxia,  779 
Pinchbeck,  626 
Piperin,838 
Pitchblende,  571 
Pitch,  mineral,  808 
Pit  coal,  809 
Planto.  growth  of,  857 

food  of,  861 
Plaster  of  Paris,  652 
Plasteri,  784 

Platinum,  611 

chlorides  and  oxides 

of,  612 
sulphuret  of,  613 
alloys  of,  625 
fulminating,  614 
Plumbagin,  841 
Plumbago,  513 
Pluianium,  621 
PoUenin,  838 
Polychroite,  829 
Populin,  843 
Potash,  448 

tests  of,  451 
Potassium,  446 

oxides  of,  448 
Potassium,  chloride  and 
iodide  of,  452 
with  hydroeen,   sul- 
phur, and  phospho- 
rus, 452 
Potato,  starch  of,  815 
Precipitate,  red,  594 
Pressure,  influence  of,  on 
the  bulk  of  gases, 
162 
Proportions  in  which  bodies 

combine^  187 
Pn^rtional  numbers  de- 
fined, 187 
table  of,  971 
Prussian  blue,  707 
Prussiates,  703 
Prussiate  triple,  704 
Purple  powder  of  Cassius, 
610 

Purpurateof  ammonia,  876 
Pus,  932 

Putrefaction,  947 
Putrefactive  fermenUtion, 

852 
Pyrites,  iron,  512 

copper,  586 
Pyro-acetic  ether,  805 

oxylic  spirit,  805 
Pyrometer,  40 
Pyrophoras  of  Hombeiv, 
655 


Quantity,  its  influence  on 
affinity,  179 


TABLE  VI. 

Tabk  (^ZiOtoUt  ahowmg  the  Quantity  i^abmAute  AleoAoi  it 
Spirit*  ^different  Specijie  GravitUt. 
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Telluretted  hydrogen  gas, 
681 

Tellarium  and  its  oxide, 
580 

Temperature,  what,  43 

Tenacity  of  different  metals, 
425 

Tendons,  945 

Thermometer,  35 
differential,  35 
formula  for  converting 
the    expression    of 
one    into   another, 
39 
graduation  of,  38 

Thermometer,  register,  42 

Thorina,  483 

Thoiium,  483 

Tin  and  oxides  of,  519 
chlorides  and  sulphu- 

rets  of,  522 
alloys  of,  625 

Tincal.  683 

Titanium  and  its  com- 
pounds with  oxy- 
gen, 576  and  577 

Tombac,  626 

Treacle,  813 

Trona,  688 

Trough,  galvanic,  118 

Tungsten    and    its   com- 
pounds, 557 
with  oxygen,  557  and 
558 

Turpetli  mineral,  660 

Turmeric,  a  dye,  829 
paper,  829 

Tumsol,  827 

Turpentine,  oil  of,  786 

Type,  metal  for,  626 

U 

Ulmin,  838 
Ultra-marine,  456 
Uranium  and  oxides,  571 
Urates,  874 
Ur«a,  871 


Urine,  933 

Urinary  concretions,  939 


Vacuum,  boiling  in,  66 

evaporation,  72 
Vanadium,  546 
Vaporization,  62 

cause  of,  62 
Vapour,  dilatation  of,  63 

density  of,  74 

elastic  force  of,  67 

latent  heat  of,  49 

limit  of,  76 

table  of  elastic  force, 
67 
Vegetable  acids,  728 

alkalies,  760 

extract.  840 

jelly.  820 

chemistry,  724 

substances,  724 
Vegetation,  854 
Veratria,  778 
Veidigris.  734 
Verditer,  691 
Vermilion,  600 
Vinegar,  728 
Vinous  fermentation,  846 
Vitriol  blue,  659 

green  and  white,  656 

oil  of,  279 
Volta's  eudiometer,  949 

pile,  112 

theory  of,  121 
Volumes,  theory  of,  199 

W 

Water,  composition  of,  220 
properties  of,  223 
expansion  of,  in  frees- 

ing,  30 
latent  heat  of,  46 
Water,  boiling  and  freezing 
point  of,  38 
solubility  of  gases  in, 
224 


Water,  of  crystaUintMia, 
633 
rain,    snow,    spring, 

well,  river,  960 
of  the  sea  and    the 
Dead  Sea,  963 

Waters,  mioenl, 

acidulous,  alkaliog, 
chalybeate.salphnroos 
and  silioeoas,  961 

Waters,  saline,  962 

Wax,  791 

Welding,  506 

Wheat  flour.  815 

Whey.  928 

White  lead.  589 

White  copper.  626 

Wine,  quaDtity  of  aloohol 
in,  797 
oU  of,  798 

Wires,  tenacity  of,  425 

Woad,  822 

Woody  fibre,  820 

Wool,  945 

X 

Xanthic  oxide,  943 
Xanthogen,  420 


Yeaat.835 

Yellow,  mioenl,  or  p«.%eiit. 

591 
Yellow,  king's,  539 

chrome,  €82 

dyes,  828 
Yttria  and  iu  base,  483 


Zaffre,  523 
Zero  absolute,  62 
Zymome,  835 
Zmc,  515 

oxide  and  chloride  ef. 

516 
sulphuret  of,  517 
Zirconia  and  its  base,  404 
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A< 

Acid..  Mlenioui.  399 

Acelitn.  730 

hydra-chloric.  30R 

ulicic,  488 

eso 

hjdro- cyanic,  758 
hjdro-fluoric,  353 

i^ico-flooric,  491 

AcLdifying  principle.. 
Acid.,  ddnition  of.  R 

629 

uirtic,  756 

19 

■tearic,  882 

nomenclature  of, 

163 

hjdro-ianthic.  420 

■nberic,  758 

Acidi,  Kctic  and  ace 

iuccinic,  754 

738 
vegouble,  Tas 

"S/"'"'""'' 

>ulpha.iU[ditbalic, 

ilUnuic.  879 

hypo-iulphuric,  285 

wipburic.  279 

amylic.  818 

igaiuric,757 

■ulpburoua,  376 

animal,  874 

amniotic.  879 

indigotic,  762 

416 

uti- 

iodic;,  338 

.<ilpbo-cva>>ic,416 
*ulplM>.viDic,  800 

iDDowua,  566 

iodou.,  839 

■nenic,  536 

kinic,  758 

tanaric,  741 

arteaioul,  530 

lactic,  879 

aiaDk,  678 

auric,  607 

tunpic.  802 

inngilic,  657 

■nlmie,  841 

lilhK,  874 

uric,  874 

benimc.750 

malic,  749 

lumic,  768 

bokdc.  757 

manganic.  502 

Adipocire,  884 

boradc,  295 

margaric,  883 

Aenfom  bodiei,  32 

bromic,  348 

meconic,  759 

Affinity,  chemical.  166 
uble  of.  166 

"S^r- 

nMllltic,  757 

molfbdic  and  molyb- 

elective  aimple,  166 
elective  double.  169 

camphoric.  756 

dou.,  566 

caibaintk,  761 

moro.ylic.  766 

diipouDg.  222 

quif»Dt    aud    diTBl. 

caiboDic,  266 

mucic,  7S5 

caieic.  928 

marialic.  308 

lent,  169 
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CumiiM,  827 

CbramiDm,  640 

Cartilage.  944 

636 

Cairoua  matlei,  9a& 

oiygen,  541 

water  of.  633 

Caiaaui  oiidc,  ffil 

Chromatea.  681 

Curcuma  paper,  839 

Cauiui,  parplepowdeior, 

of  iron.  640 

Curd,  936 

610 

Chrome  yellow,  6B2 
Chyle,  9a* 

Cuticle,  946 

Cuiava,  818 

Cyanogen,  393 

Caletba.  839 

Cinchona     bvk,     arlive 

Cyanureti,  393 

CatbaniD,  837 

principle  of.  773 

of  chlorine,  409 

Cauitie  luwr.  668 

CiBchonLa.  7>2 

of  bromine,  413 

C«nau>,B30 

Cinnabar,  600 

of  iodine.  412 

Cerate,  792 

Citialei,  749 

metallic.  438 

CariD.  793 

Coke,  362 

Cyanuret,  red,  of  iron  and 

Cerium  and  oaidea.  673 

Coal,  809 

CBniUn.835 

g".  378 
Cobalt.  533 

Cynopa,  780 

Coniic,  732 

Cyitic  oxide,  S43 

Cctine,  884 

ojiygen.  524 

Clalk.689 

CoccuIdi  itHlicni,  ninciple 

D 

ChanwlMaminen),  SOI 

of.  779 

Charcoal,  362 

Cochineal,  837 

doiiUe.  169 

aaimal  or  inrv  black, 

263 

CoImhou.  4 

Cli««.935 

infloeuce  of,  over  che- 

Dclphii,  780 

Chemical  affini^  or  atttac- 

■niul  action,  173 

tioD,  16S 

Cold,  artificial  melbodi  of 

Derotne,  Mltof,  771 

action,  chai^ai  which 

producing,  60 

Colocyntin,  BIO 

736 

170 

Colouring  malt*r,  831 

DetonatiDg  powden,  670 

Colonic,  adjective  and  inb- 

Dew.forroatiati(if.20 

orgaoic,  731 

lUDrite.  832 

Diamond.  365 

Columbin.  644 

35 

Chinoidea.  776 

560 

Digtating  flaik,  961 

Dippel'i  oil,  881 

lawiof,  1B4 

DisiD)ectiiigliqnid.45S 
Dngen'.  bW.  789 

Chloialei,  general  charu- 

tenoT,  669 

plaioad.  187 

Dutch  gold,  626 

orpotaahandtMrTtt. 

Dj«.  831 

670 

tbeorie*  of,  313 

Cbloric  ether.  BOS 

E 

HjdrogaD ,  cttburauad ,  363 
■nd  cirboD,  dbw  com- 

poDodi  or,  3T2 
photphonued,  387 
pouiiureUed,  463 
ulcniucetted,  aB6 
lulphuratted,  381 
tellonttsd,  GSl 
*idi  Mtab,  443 
HTdnmeleT,  Baumt't,  de- 
grca  of,  nduceed  (o 
Qie  commoD  tuad- 
vd,  981 
Hjdro-iulphuTic  kcid,  3B1 
Hydro  -lulpbnRtiathjdio- 

•ulpliatet,  701 
Hf^mcler,  80 
Hyptr-otymuiiatei,  317 
Hjpo-fAotphonnu  acid, 

293 
Hypo-nilroui,  251 
Hjpa-iulphuroiii  acid,  283 
(ulpboric  acid,  285 
I 
Ice.    Se*  Watar,  220 
ImpoDdcnblea,  7 

iufliKDce  of,  ovci  che- 
Ducalacliod,  182 
iDcandnccace,  B9 
lodigD.  823 

acid  at,  762 
jwin  ot  763 
IiidigDgcae>27 
iDk,  763  , 

ijinpallwlic,  526  \ 

ImolnbilitT,    inBucDce  of 
on  (ffioity,  175 


Lamnblad.  Tl 
LanT,  BBl 


Lead.  587 


M  of.  51 


chloride  of,  591 
iodide  and    lulpbaiet 

of,  592 
pliDiphuret  and  carbu- 
ret of,  5»3 
alio;]  of,  625 
LemoDi,  acid  of,  747 

euenlial  aalt  of.  738 
Leucine,  866 
Leydeujar,  106 
Libaviui.  famiag  lignnr  of, 

522 
Ligamenta,  945 
Light,  64 

chemical  efiecti  of.  88 
Ligbl,  beating  power  of.  66 
magaetiaug  power  of. 
SB 


987 

Hagiitery  of  biimutfa .  57 
,    Magoeaia,  4TS 
Magneaiom,  471 
MwiMlim.dMMo,  138 
UalacUte,  690 
Malatea,  749 
Maltha,  BOS 
Malting,  856 
Manganeae,  494 

oiidei  of,  495 

chloride  and  lulpburet 
of,  603.  aod  505 

fluoride  of,  504 

Marble,  689 
:    Maiiicot,  589 
Mallet,  propeniea  of.  1 
Mecoaic  acid.  759 
Mecoaiutn,  643 
MeduUia,  838 
Membranei.  945 
Mercury.  392 

oxHiei  of,  593 

cbloridea.  595 

cjinuret«Dd  nilphu- 
reti  of,  599 

iodide  of,  69B 

fulmiualiiig.  404 


aublimale)  596 
■ubmuriate  of  (calo- 
mel) 597 


general  propertiea  of, 


S«leuic  uul.  300 

SiMhne.  784 

Quick  Ume.  4«6 

Selcnlte,  662 

Steel,  514 

Q>kk>W,  59-2 

Selenioui  uid,  299 

Dtw  tlloji  of.  637 

Qailli.94& 

SelcDium,  297 

Slrontia,  464 

0^773 

<»ia>or.29o 

SlrontiuiD.  464 

oiidei  and  chloride 

R 

3B6 

of.  460 

KMHnic  Mid,  746 

Selcnlunti,  mMallic.  438 

iEiv;" 

lUdUai  bwt.  16 

3«r»ilf,  iDdnnun,  891 

JUji,  lominnu.  66 

8«rauimcmbtu>M,B>>id(tf. 

Succinates,  7M 

'clorilcBS 

939 

8net,881 

Cbetnietl.88 

ShdU,  94S 

Sngai.SIl 

b2^.S90 

Silin,  488 

oflead.  732 

SiJicktM.  489 

ofgT.pe..813 

of  liquorice  root.  814 

dye.,  837 

Silieued  ilkali,  489 

Itedlictioa<irm«tili,438 

Silicium,  486 

ofmXwddiabele., 

lUcalMoTintimony.  563 

SUk.  945 

816 

K^.ni 

^vet  uul  iu  oiidt.  600. 

Sugar-candy,  813 
Surpho-iinapitiD,  644 

BMi>i.ie8 

602 

IUMi>ofcopi»r,sa6 

chloride  of,  603 

Solphatea.  general  cfaaric- 

BUiii.MO 

iodide,  cyiBunt,  tod 

tert.64fl 

.ulphum  of.  604 
fiilTTiLTiiting     con- 

particular  deecription 

of,  650 

RlMdinm,  616 

pouDdior,603 

oiida  of.  616 

■Uoyi  of,  637 

383 

Rkabubuia.  839 

SlLiii,94S 

genenl  'characleri  of. 

Siult.  S33 

662 

Rocbclle  ult,  744 

Soap.  784  ud  882 

Sulpho-cyanatea,  709 

Rmin.  828 

Sod>,  454 

Sulphur,  374 

RiutiDgar  iron,  SOS 

b>Mor,455 

compound*    of,   with 

Sodium.  463 

ongen,  276 
chlonne,  333 

S 

oiidetor,454 

chkmde,  465 

cartmn.  419 

B46 

Sotani..  760 

•elenium,  431 

SdatT  lamp,  368 

Solii  «j,,  66 

Saffiown  u>d  uAdii,  838 

SoUu.  (J36      ■ 

Suo  and  M]«p,  818 
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